H. M. 3nurep

TMJAPABJIMYECKHE
M TEIJIOBbIE
PEKHWMDI
TEITJIO®HUKALIMOHHDIX
CHUCTEM

M3jianue nropoe, nepepaboranHoe

Esj

MOCKBA 3HEPIOATOMMU3LAT 1986



Faaea nepsas

COBPEMEHHDBIE CHCTEMbBI TENJIOCHAB)XEHHA

f.1. YPOBEHb W MEPCNEKTHBbI PA3BUTHSA IHHEHTPAJIM30BAHHOTO
TENJIOCHAB)XXEHHSA B CCCP

Passurue naponnoro xoasiicresa CCCP onpenensier HenpepuiBHEIE pocT no-
TpeOJIeHHsT TENJIOTHl AAA HYXKA NMPOMBILJICHHOCTH, CEJIBCKOrQ XO3sHCTBA H XH-
JHU[HO-KOMMYHANbHOrO cextTopa. OCHOBHbIE NOJOXKEHHS SHEPreTHIecKon npo-
rpammel CCCP Ha aauTenbHylo nepcriektusy [38al B o6nacTu passutus Tendo-
CHa(XeHHs NpeaycMaTpHBAIOT:

pacuIHpeHHe LEeHTPATH30BAHHOTO TelJIOCHAatXKeHH sl Ha OCHOBE Jia.bHeRUIero
PA3BHTHA TeNJOPHKALMH H BCEMEPHOH KOHLEHTP aUHH NPOH3BO/ACTBA TEMJOTH C
/b0 NPeKpalleHHst pocTa, d B JabHedlieM — COKpallleH s YHcIa MeJIKHX KO-
TeJIbHbIX, 3aMeHbl HX Gonee 3peKTHBHEIMH ABTOMATH3HPOBAHHBIMH TENJIOYCTa-
HOBKaMH TMOBBIIIEHHOH MOUIHOCTH;

MAKCHMAJIbHO BO3MOXHOE HEMONb30BalHe $1epHOr0 ropioyero 11s LeHTpa-
AH30BAHHOIO TeNNOCHabXeH us,

OCBOEHHE 15 HY K TeliocHabmeH s HETPAAHIHOHHBIX BO30OHOB/IREMbIX HC-
TOYHHKOB 3HEPTHH, BORJIEYEHHE B 0O0PAT BTOPHUHBIX IHEPTETHYECKHX PEeCypCoB.

B 1980 r. notpebuenne tensnorsi B CCCP cocraBasio 13,7 mapa. [Hx
(3,28 mapiu. I'kada). bosee 80% obmwero rogosoro tenaonotTped eHus npHxXoauT-
¢sl Ha 704110 TOpoLloB 1 nocenkos ropoackoro tuna (I1IT), okoao 20% — wa po-
0 ceNbCKOro xoasictea. B ropoypax u INI'T tennonorpebietne npoMerilieHHo-
ctH coctaBiaser 70%, KUIHUIHO-KOMMYHaJbHOIO Xo3sikicTBa-—30% .

B nacrosutee spems B CCCP npuMeHAIOTCS B OCHOBHOM!

Tenr:oqm}{aunx T. €. IleHTPaJH30BaHHOe TelocHabxkenue Ha Gase KOMGHHH-
POBAHHOf BBIPABOTKH TENJOTH H 3/1eKTPO3EePIriH;

LleHTPA/IH30BaHHOe TelJoCHa(MeHHe OT PAHOHHBIX OTOGNHTEIBHBIX H NPO-
MBIl JEHHO OTONHTEBHBIX KOTeIbHBIX (C JIDUCOELHHEHHOH H4TpV3KOH OGonee
50 MB1);

ACUEHTPAANZOBAHHOC TEI’IJ__]GCHBG}KEHHE OT MEIKHX KBapTa’ibHBIX H NOMOBbBIX
KOTEJNbHBIX, HILAMBHAYAIbHBIX OTONHTE/LHBIX [eYeil U T. 1.

LlenTpaJsinzosannble uetoudnky B 1980 r. nokpeiBaau 62 % ronosoro rensio-
norpe6aennst ropoaos u [T, wan okoao 50 % rtenaonorpebieHHs CTPaHbi.

M3 obliero KonnyecTsa TeNA0Thl, OTNYIIEHHOH H3 LEHTPAJH3OBAHHBIX HCTOY-
wukoB, TOLl ornycruau 65 %, KpynHeie KotenbHble 28 %.

basoi st pasBuTHs CHCTEM LCHTPAJIH3OBAHHOrO TeILIOCHAGKEHHA ABIAIOTCH
KOHUEHTPAaUHWH TEIINOBEIX HAT'PDY30K B H0JBIUOM YHCJSIe HaceNeHHR X MYHKTOB, MAaC-
COBOE XUJIMILHOE H NPOMBILIIEHHOE CTPOUTENLCTBO, YBEJHUCHHE YHCJIA JKHTe-
Jell B Xpynupix ropopax. Tak, ¥ Hayaay 1981 r. KonHYecTBO ropoNoB ¢ pacyer-
HO# TensoBoll Harpy3akoi 6onee 500 MBt nocrurao 300, a cocpenoToueHHas B
HHX Harpyska coctaBuia 70% obuiefi TennoBoit Harpysku roponoB u [1I'T npu
cpeaneit Harpyske cebitie 2000 MBr.
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B ocroBHOM 6y1eT OCYLICCTBAATLCS CTPOMTEILCTBO TONRKO Kpyuubix TILL ¢
TENA0B0H MomnocTeio hite 300 MBT, a4 TakXe KOTEILILIX Pa3IHYHOA TENI0BOI
MOIIHOCTH B PANOHAX ¢ HeSOMLIIHMH TERJOBEIMH HArDY3K4MH, 1€ COOPYKEHHC
T3, 9KOHOMHYSCKH HeLeNnecondpa3Ho, i B paHOHaX, rie pOCT TEMJIOBEIX HATPY-
30K ONepex4er POcT TenIoBbiX MomHocte# TIL.

1.2. HCTOUYHHKH TEHJIGCHAE)KEHHFI HA OPFTAHHYHECKOM H AJAEPHOM
TOMNJIHBE

OCHORHKM HCTORHHKOM TENAOTHL B CHCTCME TEIJOCHAGKEHHE KNPYMHEX TOpoios R Ha-
CTORIMNEe RPEMA ¥ Ha nepcnekTHey #uiaaorca TALL Soaniiol MOMHOCTH HA OPPaHHUECKOM
ronngge. OcymecreasieMoe Ha T KoeMOHUKHPOBaHHOE NPOHABOACTRO TEMIOTEL H 3JEKTPO-
SUEPTHH ABARRTCH CCROBHBIM HYTEM JKUHOMHH TGNAHBHO-3HeDFETHUECKHX PRCYDEOR B IHED-
reTHKe, YNYIIHEHAS SKOJOIHYeCK0H 0L THHODKN, NODHIEHNS KaWecTBAa M KaJeKKOCTH Ted-
JAOCHAGKEHHA, CORPAMEHHA KOAHYecTBa 0GCIYKBBalCulero Tepcorana,

MasecTHO, 170 GCHOBHBIM HCTOMHAKOM 3ICKTPOCHabmeHHS CTPAHA ARJIANICH TEILTORKIE
IMEKTPOCTAHIL WK , REpabaThiBaomue okoto 80 % predt adexTposkeprau.

1/3 yCTahoBACHHOR SNEKTPHYLCKOH MOLLKOCTH H BHPAGOTKE MCKTPOIHLPTHA BLeX Ten-
JOBBIX ICKTPOCTALLAE Ha NTPOTAKENAH MHOTHX JIET HPHXOXHTCH HE AUTIO TCRIOXICKTPO-
HeH panch.

Mogasasomee Goabnuuctae T (80—82 % 10 yeTaHeBACHROR MOHUIOCTH) COCTADBIS-
wr T3LL ofmero noaszosanus (TII| Munsnepro CCCP).

Jlannee o pazsuTiun TendoOHKANKH OT CTaduni o6iero noaszopaurs (tadn 1. 1) noka-
ILIDAKT MacHITAGH ee DAZRUTHA, 4 TAKKE NOSHIWCHEC IKONOMEYHOCTH KOHAEHCRTMOHHLLX 1
TENJICOHKANMONHK K SJEKTPOCTZHUHI, BbPEMAIOMCCCH B CHHMEHHE YASNhHNX PACXOA0H
TONJTKHBA Ka nTNVIIEHERH KKAOBATT-v4C,

JKOHOMAS YJIORHOTO TONAKBA 1Y ICM KOMGHUHPOBHIEHOM MMPOK3BOJICTBA TENJOTH H
3ACKTPRIECKON 3HepTHK cocTaBaner Guace 30 mmn.t/rog, #wan 11,5 Y% cymwapiore pacxoja
TONMARBA BOEMK TENJORLIMH 3J€KTPUCTAHUAMHE ofmero NoJbL2OBANHA.

[1a coppesennuix T3L| yeraiaBadsa101c Kpyuuble TeNAGGHKAUHOHHME Ty POOArperaTh
BLHICOKOTC B CBEPXKPUTHUECKOTO JABJAEHHS ¢ MIOTOCTYRENYATHM NOAOFPEBOM CETBOI BOIM.
OcHOPHHE XADAKTOPHOTHKH KPYAKBX 7T€1U10GHKARHOKULIX TYPOHI, BHOYCKaeMbIX oTetdecT-
BEEHBIMA TYPOOCTPOHTEAbEBIMH 3aBOSaM4, UpHBCACHL B Taba, 1.2,

Tennoguragaonnue TYPOHER paccuWTARBl HA NOKPAITHE 6A30BOH 4aCTH TENJOBOH Ha-
IPYSKH, A0dH KOTOPOR B cyMMapHOR Tenacroft Harpyske, HasbiBaeMan KOSPHUHERTOM Teil-
AVPEKAUKR Crap, COCTABIALT MPAMEPHO 0,5. 114K0Baf YacTb TEILIOBOH HAUPYSKH, THKKE

paexaa (0,5, NOKPHBASTCH LHKUBLIMH SOZOTPElHHME KOTJTAMH, PAcTONOMKeHHBIME HA ThO-
waaxe TS wau B pakonax renaonorpeGienns. OCHOBHHE XaPaXKTEPWCTHKH THRORKIX RO-
ACrpefBbIX KOTAOBR NprBeacdil b 7ata. 2.4, TIpy TakoM cOOTHOWEEHH OCHOBHBIX K MHUKORBIX
TENJUBLIX MULLHOCTCH OOUCNCYHBaeTcs TONOBOe 'MHCNO YACOR HODOMBIORAHHS TeMLIOBOH
Mownoeth orGopus, pasnoc 4700, wau 893Y% QTONATENBRHOTO CE30HA WA KANMETHYECKHX
veaossi Mocksu, a Tenaopoe noTpefieAne, NOKPLHIRAEMOE NAKOBLIMK BOIOTPEHHBIMHE KOT-
JAMH B TUMCHMC Ioja, coctandaser peero 13—15 %. llocnepomarenvyoe coeiuHerue certe-
BHX UUACIPEHATCACH TYPOHUL H THKOBHY KOTAOR IO3BOJIAET WMETh HHIKHE J3BJACHHSA
TeNAUPHKA UROHILLX 0T60DOB, OfecleiHBA0NRE HATPER CeTesol RO/bl 10 TEMNEPATYDH, He
npesuiwaomei  120—125 °C. TeMm caMuiM JOCTHIAeTCH YReAUYECHHe VIeNbKOR BRIpabOTKH
ICKTPUSHUPTHM Ha TCILICBOM NOTpefuIeEHH H COOTBETCTRYIOUIEH 3KOMOMHMH  TOTJIHRA 33
CUET KUMDHHHPOBUKEOLO NPOHABOACTBA TENAOTH H 3deKTpo3xepruy. B nocaejinee npems
BECL HPHPOCT BupabotkR 3nekTpodnepruu Ha T3l obecnewumpaercs 2a cuyer TYPOMH C
HEYEJILHBIMK DUPpaMCFpaMy mapa 13 u 24 MIlla (130 H 240 Kl‘f‘..—"(‘M"g),

Hapsay c coopyxerueM KoBhiX T3L] 1HPUKUC PACIPOCIPAHCHHC IOAYYRIE PEHOICTPY K-
WHH KONASHCATIHOHABIX TYPOOArperaTus B TeoQM K4 UHOH HLIC.

Cymectucnnoe 3uavelne 5 KATecTBe HCTOUHHKOR TENAOTE B CHCTeMAaX LeHTPaluscsaH-
Nore Temaocuabitenud FMeT DAROHHBIE KOTEThHLE, H2 KOTOPHIX YCTAHROBAESHB TAKHE MKé
BOACIPeiltikie KOTAb, K3k w va T3IL[.

BOMHOUEX coayusasax paioslible KOTCALIRIE, g_aﬁoranu.l}le EHTEbHGE BpeMsa H30AUPOBAH -
HO B OCHOBHUM PeMHMC, nociac cogpyikenna 131 v npoksnanky remaomarucrpagedt p pati-
Olibl PACUUACALCEHA KOTCILUMX TEPeXxoisiT B MTHKOBHE peXxXuMd K paGoTtaloT copvoectho o T
KaK IHKUBLC KOTCIBILE, pacnofomentble o paltonax TentonoTpeGnenus.

Npakrsgyeren Takue nepeaava na TOL Aeriell venNopoi HACPYAKA H3CAHPOBAHNA DA
BOTAOWLAX PAACHELIX KUTCALHBIX, LIS 3TOr0 TCNMOBhIe CCTH 0T OBOHX MCTOUHHKOB JOJ MHKH
HMETDL FHAPEBAKHYCCKHE CHAJH JOCTATOYNOH NPONYCKIOH CHOCODIIOCTH,

Kax H3geeTHO, 0CHOBIMC 3ATTACH TONJHDHO-31IEePTEerHYeCKHX PecYPCoBs PAacHoJaMelh A
BOCTOYHLIX PUiOE@X CTPalLl, & OCHOBITLE RX NOTPLONTEIH NAXOLUTCS B eppofefcKON MacTH.
310 TpefyeT TPUHCNOPTHPOBKRA ¢ BOCTOXKA Ha 3anme] G0JLIOro KoOARIeCTBa TONAKDBA M 3HE]-
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Tacauwma 1.1,

Pa3guTHe TENNOGHKAUWH OT cTaHuui obluero Monb30BaHHA

Toasl
Tlogaszdean
1960 1965 1970 1475 1980 1984

VeTanoBhernad MOUIHOCTh Te-| = 68 200 109850 | 151300 | 185900 | 211 400
nnosmx saextpoctanuuii, MBr

YoTanoBenHas moutsocrs | 11 900[ 23700 36 868 49075| 63500 73 600
rer0OAKaHOHHLIX  TYPOHH, 1,0 1,99 3,10 4,12 5,34 6,18
MB~, ors. el

Moas sowmocth  TenyaoduKa- 36,2 34,8 33,5 32.5 34,0 34,8
LHORALX TypOHH B CyMMapho#

MOUHOCTH  TENAOBLIX  3JEKTPO-
cranuui, %

BoipaboTka — 31eK1pO3HEPrHA 65,8 135 195 256 320 376
renaodHKaUHOHIBIME  TypOHIa- 1.0 2,05 2,96 3,89 4,50 3.7
Mi, wuapa. KBre-d, OTH. eA.

Jonu  ssexrpuueckoit  Bupa | 35,5 38,0 35,3 30,8 31,5 35,3
GOTKH  TenO(HKSLHOHHBIX  TYP-

Ouit B cymmapHoil  BmpaboTKe
TemiensX snexrpoctanunuit, %

Buipaliorka saekTposnepran| 20,9 55,3 105,2 158,1 205,0 227
lHa TENAOBOM norpebaeHtn, 1,0 2.65 5,03 7,56 g 81 10,9
wiapi. kBr-yv, ot el

ea KOMOHIEPURAHIOA  BED 31,5 41,0 54,0 61,7 64.1 60,4
PAGOTKN  3.(EKTPOSHCPTHH  HA 1,0 1,30 s | 1,96 2,03 1.8
o1, %, oTH. eA.

Oriiyen  venzott ot TILL} 607 1288 2088 2646 2532 3940
Munoiepro, mait. [k,  mau. [ 1449 307,56 | 498,4 631,5 843.,0 0407
Ckaa, oTH. el 1,0 2,12 3.43 4,36 5,82 6,5

B tom ancAc orpaGotaswei | 498,61 1081 1751 2292 2757 3063
renaoTe. Man, [da, man. Tkaa, | 119 258 418 547 1 697.9 728 .6
OTH. Cl. 1,0 2,17 3,51 4,60 5,53 $h,12

Tons poas # napa s ropo-{ 0,27 0,34 0,42 0,46 0,810 0,554
mow ornyere Tenior, soxajuap| 0,73 0,66 0,58 (3,54 0,485 0,446

Yaenptign  komOuuupovaian| 36,6 42,7 50,4 59,7 h8,2 4.5
BLNHGOTK 3JeKTposHeprun, or-| 145 179 211 200 244 228
HecoMHas K CYyMMAapHoOMYy OTHY:- 1,0 1,23 i,46 1,72 1,68 1,57
ckv  remgota ot T3L,
wBTou/T L, wbBr u/Tran,

OTH, el

Te e ordecenHas k orpabo-i 42, 51,1 60,1 69.0 74,5 74,5
rapment  renacre, KBT-w/ x| 176 214 252 289 312 M2
xBr1 y/['kas, oTH. e 1,0 1,22 1,43 1,64 1,77 g

TIpOTHACHHOCTL  MATHCTDPadb- | 3450 7198 12115 15 189 18 581 20 161
HITS TOUJIOBLIX CeTeH, KM, OTH. 1,0 2,09 3.52 4.40 5,59 5,84
el

Cpeandfi  vacapnmit  pacxof| 459* 413 366,2 340,1 328.0 3268
ronnina  (werre)  na  T3C| 1,0 ¢,90 0,79 0,74 D.71 0,71
r yeaosdoro  rondausa/(kBr-g),

GTH, el

To me na T, ¢ ycuosnoroy 462° 397 324 | 280.7 265,4 267,1
reaepnal{sBT-4), oTH. e 1.0 0,8t 0,70 0,61 0,57 0,58

To me pa KIC, 7 veaosnoro} 4506 426G IB8 385 | 3566,1 356,2
ronansa (kBr-4u), ot ex. 1, 0,93 0,85 0,80 0,78 0.78

Pasnocip yAENhHRXN PACNOAOB (i 29 fi4 85,7 90,7 89.1
ronanpa uwa K3C w T2IL, r ye-

Jdonpnro roismsa; (KBT1-u)

Cpeinnft  vaeasnwnift  pacxoa| — = — 41,43 41,41 41.45
TOINBAA A OTOYMIEHHYO Tenao-| -— — — 173,6 173.5 173.6
Tv. Ko yeaosHere tonansa/l Ik,

KI YCAORHOTO TonTisa/TKas

———

< JMaauue 3a 0 1961 1.
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ruu. S yayylieHHs TONIHBHO-3HepreTHYecKoro 6anatca UWHPOKUM ippoumm BeAeTCA CTPO-
HTEALCTBO ATOMHBIX  3JEeKTPOCTZHLHIA B eBponeiicKoi yacTy cTpasnl [52].

Pacx0 TONJHBA Ha NPOH3BOACTBO TenaoTtsl B 1,5—2 pa3a npepnitlaeT pacxoj TONJAHBA
WA MPOW3BOACTBO 3NEKTPOIHEPTHH. TICHTOMY AJIS KOPEHHOrO yAyUUIeHHS TONJIHBHO-IHEpre-
THUECKOTO GanaHca HeoBX0AMMO HCIONb30BATL AIEPHYIO SHEDI'HIO He TOJAbKO AJIS NPOH3BOA-
¢TBA JICKTPOSHEPIHUM, HO K JIA NPOH3BOACTB2 TenoTH. Tenaora cropanus | Kr siepHoro
ropiodere ¢ ofioramenwer 3—3,5 % no ypany-235 3KkBHBaJIeHTHA TeMJaoTe CrOpaHHA
80--100 T ycaoproro TonuBa. Tle3ToMy NMpH BHPabOTKe OJHHAKOBHIX KOJIUYECTB 3HEprHH
MaCCOBBII PACXO] AAEPUOIO TOPKYEro MeHbille, YeM OPraHHYEeCcKOro TOnMHBA, HPHMEPHO Ha
nsth nopalkon, Menodbsopanie sAepHON sHepTHH Ha atoMubix T3LI (AT3LI) ana komOHu-
HHPOBZHEOI BHIPAGOTKR 3JeKTPOSHEPrHH H TeNIOTH BRITOIHee, YeM pa3lebHas BHpaGoTKa
3JeKTPOSHEPTHH 1A KOHJeHCaUOHREX AJC, a TenaoTht — B PaHOHHBIX KOTEJALHHX Ha 0p-
FAHHYCCKOM TONJIHBE.

flacpuas 3HEPTHs yKe NPAMeHsieTcs AS TensaocHaOXKelH§ NOCeJKOB NMpH A3C. Hnn
370TO HCTOAB3VETCA NMap H3 HepeIYAHPYeMbiX OT6OPOB KOHJEHCALHOHHBIX TYPOHH A3C.
OAHAXO TeNNOBas MOTHHOCTS ITHX OTOOPOB HeBeAHKa.

- IMepsas B naweil crpane ATIL[ Guia nywena B 9KCHAYaTalHIO B Nocenke BuauGHHO B
1973 r.

B macTosillee BpeMs BeJeTCd COODYMKCHHE KPYITHBIX HCTOYHHKOB TENJIOCH2OMeHHS HA
saepHom Tonause’ Onecexolt v Munckoit atomusix TILL, I'opekopekoii # Boponexckoit aToM-
HLiX cTaHumil rennocHabxenus (ACT). AT3LI skawuaer 18a 6;10Ka, Kamabli K3 KOTOPAIX CO-
cront u3 peaktopa BBIP-1000 4 apyx Ten/odHKaLMOHHO-KOHACHCAUHOHNEIX TYPOUH TK-
450/500. OcHoBHbIE XapAKTePHCTHKY STHX TypOun npupedens s tabn. 1.2. Tenaosas moul-
socth ATILL 2100 MBr (1800 I'kaa/u), a BMecTe ¢ pacnoNOXKeEHBMH B TOpojie NHKOBbIMH KO-
TCABHBIMH H2Z OPTaHHYECKOM TOTAHBE (%,15y ~ 0,5) 4200 MBr (3600 ['kan/4). ACT Bk.aio-

ydeT ABa peakTopa TemioBoi MomzecTeio 500 MBT (430 I'kaa/w) Kaxkawii.. Terrosan Moul-
HOCTDL peakfTopa fepejaeTci CeTeBOl BOAC Hepes MPOMeKYTOUEbIH KOHTYP. ACT rakxke no-
KPHIBACT NPHMEPHO TIOOBHHY TeNlJI0BOlH Harpyakn paioka (% 4o =~ 0,9). [lukoBas nacts

rpadiKa #arpy3Ki AOKPHIBAETCH TOPOJACKHME THKOBBIMH KOTCJLHEIMH. B paiiosax rtenao-
chabkennsi OT AJEPHBIX HCTOUHHKOB PACIOAaraeTcs He TOJLKO MHKOBas MOWHKOCTL, HO K pe-
3eppHaA TeNAOBA] MOLHOCTL HA OPTAHHYECKOM TOTIHBe. Pe3epsHas MOMHOCTD NO/KHE KOM-
NeHCHPOB2Th HEAOOTTYCK TeNJOTH OT SAePHOrO HCTOYHHKA JIPH OCTAHOBKE QAHOTO peakTopa,

1.3. CHCTEMbI TENJIOCHAB)XEHHS

B nacTosilee BPEMH BHBOJ TemaoTsl OT KpynuuX TILl ocyumecTsisercs no rpeM-uerh-
pem marucTpaasm AHaMetpoM 1200--1400 MM, nanuoii 10—30 xn.

B mepcleKTHBHBIX CHCTeMaX TellyiocHaOKeHHs A3IbHOCTb TPAHCMOPTHPOBKH TEIJIOTH
0T HCTOMHHKA 10 DOTPEOHTENs HIMeDSeTCs TaKiKe JecHTKaMH KHJIOMeTPOB. ITO ofycnonae-
HO CelYIOHMH NPHYHHAMH.

. Poer enniHYHOH MOUIHOCTH HCTOMHHKOB TENIOCHaGMKeHHS fesaeT KpalHe 3aTPYAKH-
TebHHIM BHI6OD MAOLAAKH A5 coopykenns TILL B yepre ropoaa.

9. Tlosbienune TpeBOBAHKH K KAYECTBY NJM2HHPOBKH POPOLOB H YHCTOTE HX BOSAYUIHOTO
Gacceiitia TpeGyeT BHBOA KPYMHBIX HCTOYHHKOB TeMMOCHaOKeHu s 3a npellet ropojoB.

3. $laepHbie HCTOUYHHKH TeIIOCHAGKEHHs AONKHH GbITh YA3ileHbl OT TOPOL0B Ha pac-
crogune Tem GoJbtuee, YyeMm 60/blie MOULMOCT HCTOYHHKA ¥ HacedeHEHe ropoia.

4. KoumeHCalKOMHLIE INEKTPOCTANIHH, pexoneTpynpyembie B TILL, naxonares ua 3Ha-
YHTEJBHOM PACCTOSIHHH OT PaKOHOB MOTpelietus.

Y KalauHbie VCAOBHS NOBBIEIT TPefoBailnd K HARCKHCCTH rennoctabmerns, Tak Xax
BHXOJ M3 CTPOS KaKOro-1u6o 3JeMeHTa TAKOH CHCTEMBl, HANPHMep yYacTKa TensoMaricTpa-
AH, MOYKET MPHBECTH K NpeKpalleliHio Noiaun TemIoThl 8 paiion ¢ pacueTH0i TeNIOBOH Ha-
rpyakoit upaMepuro 1200 MBT (1000 'kaa/u), B KOTOPOM TIPOKHBAIOT CKOJO 700 Thic. XKHUTE-
aeil, Bpems nokanu3auuy MecTa aBapki, BOCCTAHOBAEHHS H BKJ/IOUEHHHA B paGoTy Taxoro
yuacrka MarHCTPAJdH COCTaBMAET PHMEPHO 2 CYT.

OcHOBHBIMH NYTAMK NOBLIIUCHHA HAAEHMHOCTH KPYIHbIX CHCTEM TeNAOCHaOKeHH ABJH-
wres [8]: pasmeicnune Beeli HIH HaCTH NHKOBON MOLLHOCTH B pakioHax TenyionoTpeCaeHU ]
co3jdHue onpereaeHiol pe3epBHoi TeNIOBOH MOUIHOCTH B HCTOYHHKAX H pafloHaX TEmIONOT-
pehaeHits; OPTAHH3AIHS THAPABAHYCCKHX CHSA3EH MeXKAY CMEKHBIMA TenAoMar#cTpaiaMH H
COCenHUMH TeNOHCTOSHUKAMA ; NOBBILIEHHE HaLeKHOCTH TEIVIOBBX CeTel MyTeM uX HaAICM-
HOH NnpoxXJaanKH Tam, rpe ITO BOIMOMKHO NO Ei].)KHTEKT}'pHO-HJIBI[HDUB(.."-IHblM YCHAOBHAM, B nep-
BYI0 OHCPe b HA 3ATOPOAHLIX TEPPHTOPHAX] CO3LAHHE HALEKHON AHTHKOP POIHOHHOH 3alIHTHl
N013eMHLIX TENJAOTPOBOAOB, B MNepBylo o4epelbh TCAI0NPGBOAOB Goasuloro JRaMerpa;
NpHCOCAHTERHE NOTPeGHTedel K TelIoBbIM CCTAM Hepe3 KpYMubie Y3AB yIIPABACHHMIA, pacs
npeseAelHsl TenJaoTsl 10 BHAAM HarpyskH, y4eTa pacXoaa TemJOHOCTHTEIN (rpvnnoshe Tem-
NOBbie MYAKTLI, KONHTPOJBHO-pachipeileqHTeqbHbie JYHKTH) TENJI0BOH MOULHOCTBIO O0KQ10
30—50MBT (25—40 [kaa/u): cosfanue ABTOMATHIAPOBAHMBIX CHCTEM JCIIeTIEPCKOTO YNPAB-
AENMS W YNPABJIEHHS TeXHONOTHYCCKHMH JIPOUECCAMH; COBEpUIEHCTBOBAHHE OpraHH3aunon-
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HOH CIPYKTYPLL yipapied A eAKH0H croTeMoll TelaocHalielbd, BKAIAA COSEAHY Aopolu
OCRAMWEHHMX ADapPRITI0-BOCCTAHOBHTENbHAX Yy kG,

YEraaanue MeporpHATHA B SobltieM HAH MeHbleM ob6beMe MPeAYCM ATPHRAATCN B [ po-
EKTAX HORK X CHCTEM TENINCHASKEHHS H PCATHIVIOTCA B MHOTOYHCIEHHEL X ASHCTAVIGIMMEY CH-
CTEMAX MDH HY PAABHTHH 5 PEXKOHCTPYKIUHKH.

K creteMad Tena0CHANKEHHA, B KOTOPRIX TEMNJAOHOCHTEIEM RBIALTCA BOAA, NPUCOCIMH-
HH R OCHORHOM TRH BHYAA TENJOBCH HATPYSKH: OTONJIEHKHE, BEHTHARUHA U TOpAMEe ROROCHAG-
wenne. [IpENepHoe COOTHOWENHE MEXKIY PACYETHLIMH SHAMCHMAMH 3THX HaTPV3OK 418 COR-
PEMOHHBIX TOPOACKHX JKHABX PEROBOR coCtapisuer: otonaenne — 60 %, pedruagums —
20%, ropsuee BOACCHAOKEHHC [UPLAHCHCACALUUC 3uavicune) — 20 % . 3ru Buanl narpysku
WMCRT PASJNYHBIE CESUHHBLIE W CYTOYRLIC FPAPHKh k TPEBYIUT TCILTOTY PAIAHIHULO IOTEH:
HEEE T

Harpysky oronacu s BMeCT pOBHBIA CYTO'HBH H DEAKONCPEMOHILIA  Co3ONILIA Ppagiui:
HPH AAHICHLUDCTH OTOMRTCABUGrO ce3oHd B Cpem-n?ﬁ NMoJcce enpnnei’u:xmﬁ HACTH CYpanll
5000 4 yBCIU YaCoB RCTIOAB3UDANES MAKCHMYMA HATPY3Kn cocTasascet 2500,

OGen PREMTLiM ARACTSST METOL KaeCTBEHIONO PeryAXPODALRS OTONMHTCALION HaTpy-
§i, PN KOTOPOM PACXOA BOTL Ha CTORAEHHE COXPANRETCM HCHIMCTINLIM, 4 1eMIICparypa o
HIMCHACICH B JABHCHMOCTH GT TeMIepaTyph Hapy®uoro posayvxa. Pacucrnas temnepatypa
COTCUUH YO B NORAMIIe JHHHY hpic acetHod T8 OTOMICHUS TOMOCDATY PO I3 VIKHOTD
BO3AY XS NPHUsMaeLes, Kak npasuao, 150 °C . TeMreparypa BoZEl HOCTe CHCTEML OTOMICITHST
npa 3rom pesina 70 *C. ¥V ae pHuii pacxof ceTeBoil BoAR 1451 VKa3aiHoro nepernaaa reMuepa-
Typ 10,8 %y na 1 MB1 pacueThoit varpyaku otonaewus (12,5 M% Tkan).

CucremaMy MPHEYIRTENBHON RENTHARLIHE 0B80DYIORAHK JRITA AAHKHA M OTACTRHLC
NOMELEH Ul DPCHIBOJCTBOHHOTO ¥ 0fulecTRENHOTD HASHAYeHW A, OBHTHO PACIOTHAR HADYX-
AR TeMNCPATYNA A REITHIALNY BHIDe, HdeM 148 otomtednd. [Tockoasxy npe sTOM nepe-
Na1 TeMOEPATYP R CETH MeHbLIEe, YACABHEN Pacxc] ceTeBOH BOJW HA BEATRJAUMID OOIbWe,
YeM id 0TONJMeHHe. BCHTHIAUMOKHAA HATPpY3KA OONIECTBEHHBIX B YACTH NPCH3BOACTBEH bl X
3NaHHB OMPEACTALTCA CMCHHOCTLIO KX PaluThi K, KaK [IPABUJI0, He ABAACTCH KPYyT10CyTo-
HOH.

Harpyaka ropsioero Bo1ocHa0AKRH KA HMECT DOBH R Ce0HR B TpadiK 1 peaxo sripaKen-
l[}'ID IIEPaBHOMEpHQcTh B Te'éeHHE ('?}'T(IK: oT H"'."lﬁ R HOTHRE TACH I0 MAKCHMANRHOTO ZHATR-
UG B peYepHae NacH, B 24 PA3A NPeRUUIAIIIATD CPEIHeCYTOTHOS AHATCHEe, TeMRepaTypa
BOAL B CHCTEMdx ropaAslere BOJAOCHACHKeHMA J10MKEa I0ALCpKHBaTheA NOCTOSHNON na
ypobue 60 YC. Yaeasdnld pacxon BONE HA TOpAYEe BojocHAOKEeHME B KMARNYN 10Max,
oSOpPYNODANALIX BeeMit BHAAMH 6BaaroycTpoaiicTea, AdocTatoduno ctabidelr M COCTADAReT
110~ 130 arcyT Ha 0jHOrO KHTeaq,

[lo cXeMe UPHCOCAHECHHA HEFPYIKH [UPANCID DOIOCHE0MENH s CHeTEMBl TellIoCHd 0 Ke-
HHA PAsIe/30TCH HE SEKPbITBIC CIHPHTUTUBACHHEM FODMYEI] BOIB B MECTHBIX BOJAOHAFpeBaTE-
JAX, B KOTOPLIX XOMOAHAS BGAUUPOBOANGS BUAH HAUPCBRCTCH J0 TPeOYEMOH TUMUCPATY P 34
CHET TCILLOTLL COTCBOM BUAL, A OTKPLITLIC, B KOTOPLIX OUCY LLECTBAMCTUN HUNOUP CACTBCHHLIA U
Gup BUAL HA FOPATLC BUADCTETKEAE H3 TEMIOBOE CCIH.

B Halied ¢rpade IMAPOKOC PACHPOCTPaHenHe MOJYUYHIH KaK 34KPhiThie CHCOTEMB, Ha-
npuMep 8 MockBee, Muncke, Knese, Xdpovkope, Ueaabuucke, HonocHGupeKe, BaaaHpocToKe,
THAK H OTKpBiThie, Hanpusmep s Jennnrpae, Slpociasae, Ceepasoncexe, Tawkenre, Aama-Are.
Kpacnosipere, Hpxyreke, Kamuas i3 504X CHCTEM HMEET CBOR JOCTOHIHCTBA M HEJOCTATKE.

OCHOBHRE ACCTOAHCTHE 34 RPULITBIA CACTUM. CAHHTaPHaH ITAGEMUOCTh [50]; CTAGH i bHOCTD
CHAPERAHYECKOTO PEMEMA; OPAANUCHHAS UOANHTKE B TEMNACGHCTOUHHKC, OGuicTpoe odnapy-
MEHHE NUDPEXMICNHIT (10 YBEAHYCHHK BCAHYSHHG NOINHTKH. HeaocTaTku: HecOXOIUMOCTh
YOTHHORKH HOBEPAHOCTHBY TeNJA000OMCHENROB B 400HEHTCKHX VCTAHOBKAX TOPAYEro Boao-
crabxenns;, HeoOXOIHMOCTL BO MHOLHX CAYYAAX JAMMTH TPYEOIIPOROLOB FOPAYEFO BOAO-
CHAGHKENHA OF BHYTPEHHEHR KOPDOIKH,

OCHOBRBIE 1OCTUMHCTBA OTKPBITHIX CHCTEM Tell10cHa0MeHHs: YIpoleHHas cxema afo-
HEHTCKHUX BBOAUB 0ed ROIO-BOAMNEIX TCUACOOMEHHEKOB ropayero BoJIoCHAOKEHH, DOIMOK-
HOCTL LOMOAHRMTEALHON TOILIOPHKAUHOAHON BRIPEOOTKH JEKTDOSHEpPrHH [pH IIPONYCKe
CUABILAX PACXOAVR NUIMHTONHOM BOAL YCPE3 KOBAGHCATODH TYPOHH; BOSMOAKHOCTL HpAME-
HCHHA OUHOTEVOHULO TPAHCHOPTY TCINIOTLL.

Mz gerocTd Thos B OrgpLITLX CHUTCMAX 13,10 OTMOTRTE ¢aeaviomue, Henoepeaorsennan
CHAZL CHCTEM LOPNYeTo poA0CiadmenHa B OTOILTCHMA MUKCT OKasusarty, nebdaronprarioc
BIOHANKES Ha Ka9QeTuO By ki i TOYKa X JJO,‘J,OP:ISGtha PR MCPHOLHRCUKHE A CCDOHIEX LBEIGHE-
AHAX ¥ BLHKIOUQHHAX CHCTCM OTOMMENHS, 4 TAKIC MDH NUPHCUCKHECHAY HOBLIX CHOTCM LIPpH
CAAME B SKCAAYATAUHIO 3Aanii. CHoTeMa ABJAReTes HAACHK Ol B CallATapIioM OTHOLENHE NPH
KANECTREHHOM NPOeKTHPOBSHKM, COODYXOHHH H 3KCIIyaTapud. Ha npakrTuxe Kayectso po-
Abl B PYAE OTKPBITHY CHETEM FOpatero pogocitadienis e otpeyaet TpeGopanuay FOCT 2871-
73 «Boga nuThepasn» N0 UDETHOCTH, NPC3PAYHOCTH, COLCPIKLIHIO HKCA03d, & MIOT T N0 3ana-
xy. llegocTaTkamn sBAsIFOTeS  Takae 11€00X0 1HMOCTE COOPYSKCIIMA Lia {CIA0MCTOHIREC
KPVIHHRX VOT2IO0DBOK 1051 Zea2DalUnn, XHMMYeCKo# OYHCTKH H XPancitns GoabWIKX pacxopon
BONNW | BOZMOMIIOCTH KCNIOAB30DBAIHA 1 BOAN HA TEILAODCT CoTH it 0 (IPAMOMY (1431AYCIHIO TIPH
HELOCTATKS BOAR B rOPOACKOM BOZOMDOBOAE H IIEQOGXGIHMOCTE B CBA3H C ITHM JId YHTENBHO-
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£O VBEJHYEHHS PACXOLA NOJANKTOYHOR BOLBI, BOIMONKHOCTD BHYTpeHNell KOppo3uH Tpyoonpo-
BOJOB TENOBLIX CETeH M OTAOKEHHH HAKHNY B BOAOTPEiAbIX KOTAX IIPH HECOOTBETCTBHH
ME YV MOLIHOCTBIO BOJICNOATIOTOBKH H NnoTpebHOCTHIO B NOANHTOYHOH BOAE; HecTabRIMHOCTD
CHAPABAHYECKHX PEKHMOB; TPYANOCTh OGHAPYKEHUS apapuilHol YTEUKH BOAM M3 TeNJOBOHA
ceTH.

Kax S3aKDBITLIE, TAK H OTKPHITHIE CHCTEMBI NPOJACAMKAKT COBEPLWCHCTBOGRATHCA C ekl
YMeHLINeHHA BIAHANHSA ynaaanumx ghilic HEAOCTATKOR Ha KauccTBo ‘l‘f.‘l'l-'lﬂ('.!laﬁ?l((:l{ﬂﬁ.

1.4. CXEMbI TENJIOBBLIX CETEH

B coorserciBid ¢ HOPMATHBELIMH JOKYMEHT2MH [65] cxeMbl TeNAOBEIX ceTelt TPHHAMa-
JOTCSI TYMHKOBBIMHK, 4 AIPK PACYeTHOM PacXojie Ten/0TH B MarucTpa:in 350 MBT (200 'kana/u)
W 60ee MPH OTKAKCUEH KK JT00Oro yuacTka 3TOH MAaFHCTP&/H B CXeMe CeTeH JOJXKHO Tpedy-
CMATPHBATLCH PesepBHPOBAHHE NOAGUH TENOTH 110 [epeMbIiKaM OT APYTHX Maructpa’cH
TOFO JKe WAH CMEeRHOIO PaBoHa MiH OT APYTHX WCTONHKOB TEIIOThi TAKHM oGpasom, urobul
obecneduTh Hoaany fnorpeburteasm e mMenee 70 % cyMMapHOTO pacieTHOTO PaCXojld TCIA0TH
(MaKCHMaJALHOTO KA OTONJEHHC K BETHAMUMIO MW CPEAHENACOBOrD Ha ropance BojlocHAGKe-
HHE).

Ha ipakruke HOITANHOE COOPYHKEHHC TE(JOBLIX cereil, HeoGX0MMOCTh pe3CpBHpOBa-
HES, POCT Teruaopoll Harpysku B TenaogHUHpPOBal HBIX PaHOHAX MPHBOAAT K YCJIOKHERMIO
CXCM TeNd0BLX cetell, KOTOphIe CTAHOBATCH CAOKHBIMA MHOTOKOAbLEBLIMA THAPABIKYeCEHMH
CHCTEMAMH, KAK 3TO BHJIHO, HANPHMEp, M3 [PeACTABICHHONH B 1. 5 cxeMbl MArHCTpadibHbIX
remaosHX cetcit pailotia Mockebl. OOBIMHO MAFHCTPATH PACCYRTHIBAIOTCI Ha NOCTORMHYIO
yaeauuyio notepio nanopa. Ilpu 37om no Mepe yMeHblueHHs pacxola BOALI BJOJIb MarkcT-
paan cokpautaercs ee Anamerp. [lockoakky noreps Hanopa s TpyGOnpoBo/ie NPONOPIUHOHAT b=
Ha KBaApaTy pPacxojia, BOSMOMHEOCTH YBeJIMUEHHS PACcXOla BOAK 110 MATHCTPAIH NpH pesep-

BHPOBAHHH OrpaHHvelhl.

15. ABOHEHTCKUE TEMJIONMOTPEBJSAIOUWHE YCTAHOBKH

OCHOBHBIMH aBOACHTCKBMH TCMAONOTPeCIAIHME YCTAHOBKAMK BOASHBIX TEIIOBBX
ceTeli ABARIOTCA YCTAHOBKH OTOMJIEHHS, BEHTHISLMH, rOpAUero sogocnatxennst. Ot cxem
HPHCOCAHHEHHA FTHX YCTRNOBOK K TEIJIOBLM CETHM H YCTAHOBJEHHLIX aBTOPEryAsitopoB BO
MHOIOM 3aBHCAT KAYeCTBO TETIOCHAGKEHHA H TAKHE BAXKHLE NlapaMeTphi paboThl ceTcH, Kak
yaeaBHb{ pacxo) ceTcBOR BOAL H ee TeMIepaTypa B obpatuoit auunu. [Toatomy cxeMbl NHH-
COeNHIICHHA YCTAHOBOK K TENJIOBBIM CeTAM, HX 060D YAOBAHHE H CHCTEMBI ABTOPETYJAHPOBANNA
NOCTOANHO COBCPUICHCTBYIOTCSH, € TeM YTOGH obecneyuTh MHHHMaJIBHBIH Y1edbibi PACX0A Ce-
Tepo# BOJAM B BJaTOAaDs ITOMY MAKCHMaJbHYIO TPOMYCKAYIO cnocobHOCTh TEeNJMOBON ceTH,
A TAKHKe MENAMAJTBHYIO TEMICPATYPY CcTenoil BOAB! B OGpATHOH JHHHKH W Oaarojaps 3TOMY
MAKCHMaJbHYIO YAeTbHYI0 BLIPAGOTKY IEKTPOINEPTHH HA TEMIOBOM norpebnenun Ha TILL,

1.5.1. CHCTEMbBI OTONJEHHA

CucTeMbl OTOTVIEHHA NPOEKTHPYIOTCA, KaK NpasHio, Ha pacHeTRuill nepenag Temnepa-
typ 95—70 °C, a B nocie/iHce BpeMs W Ha 105—70 °C. TlockoXibKy pacueTHbi Mepenajg
TCMIEpaTyYp B TeNIGBONR CCTH COCTABJIACT o6runo 150—70° C, npu 3aBHCHMOM OpHCOCI{HHE-
KW CHCTOM OTOMIOHHS K TCTIOBON CCTH /5l CHHIKEHWSN TeMlepaTyphbl BOALI NEPE CHCTEMA-
MH OTOHJACHHS YCTaNaBABBalOTCH CMCCHTRAbLBIE yerpoiictBa, FlpocTefitiuM HX HiEX ABASETCS
BOJAOCTPYHHBIL Haco (BaepaTop), oGecreuuBAIOWKH NPH NPaBRAbHOM N04A80pE ero reoMerpH-
YECKH X paIMepos Tpefivemutit Kos(huiHenT CMelUCHHA. Ipu pacvyeTnoit reMnepatype p CHC
reme otonaenus 95 1 105 “C 514 BETHYHEA COCTABAAET COOTBETCTBCRTO 2,2u 1,5. Jlns 3ro#
HeJH NPUMENTIOTCH Takike GecillyMHbIe HAaCOCH, cepHinoe NTPOU3BCACTBL KOTOPBIX B HaleH
cTpake HeAaBHO OPIAHH30BAHU NPOK3BOACTREHHBIM obwesnnenneMm Modjasrujipoman
(r. Knwnnes). [Ipn 3auHCHMOM IPHCOCAHHBLHHE CHCTEM OTOTVICI U nasJaelixe B o6parHoil au-
PHH TENJA0BOM CETH ONpPEeesieT AaBAeHHe B MECTHOH CHCTeMC OTOTNEHH. 10 HAKIAAMBACT
JKECTKHE OTPAHKYCHHES HA MAKCHMAIbHOC NaBJeHHE B obpaTilolf AHIKH CETH, DIIPEEIAEMOe
NPOUHOCTLIO YN YHHBIX pPajnaTopos (0,6 MITa), H Ha MHHBMAABLAOC TaBJACHHE, OTIpeleaeMoe
BHICOTON TIPHCOSIHHEHHBIX 3/laHNil, KOTOPOe A0JXKHO obecnennth H3GHITOUHOC AaBJCHHE BO
BCeX TOYKAX CHCTEMbl OTOMJICHHS.

B noc/eniiee BpeMa Bee Gobuiee pacipocTpanenne noayHacT He3aBicHMoe NPHCOCAHHE-
He CHETEM OTOMNICHHA Yepes BOL0-BOMSIHbE TENNO0OMENHHKR. 310 00y CA0BACHO NOBHILCHHIM
TpeGoBaNHit K HAAEKHOCTH TenNocHalKenusd, a TakxKe see po3pacraiomeii nodell cTponTeN b
cTBA 31aHKI NOBLILIeRHON 3TakN0CTH, CoraacHo HOPMaTHRKBIM ROKYMeHTaM [65] mo nesaps-
CHMOI CXeMe JOTYCKaeTcs IPHCOSLKHATh CHCTEMBl OTOMICHM A H BEHTHIALLH 3JaHH# ¢ MMC-
A0M 3Taed 12 i Brine, a TAKKe NPH 0G0CHOBAHHN CHCTCMB! OTONACHHS H BEHTHALHHA apy-

rHX moTpebHTENel TeNI0TH.
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IMpu ne3aBUcHMON NMPHCOSAHHEHHA CHCTEM OTOIUICHHS EX MAPABAMIECKUI DEAKHM  He
JABHCHT OT THAPABARNECKOTO PEXKHMA BHew el ceT. B OTKPLTHX cucremax 7entocHadke-
ILHA NIEAABHCHMOE MPHCOSTHHCHHE CTHACTEM OTOILICHN A }"J}"Illme‘f KavyelTsd BONH, TTGCTYNAK-
el B CHCTEMY TODRYET0 BOIOCUACKESHY, NUCKONLKY NPH ITOM BOJIA He MPOXOAHT ueped
OTORHTEALHKE PASHATOPH, ABASTIOWHECH OTCIOMIKKAMR 3aMNAZHCHUTT.

1.5.2. CHCTEME TOPSTYREIO ROJOCHABXENHA

(COFMAa010 HOPMATHRHEIM LOKYMCHTAM 150) ropsian roJA, NOCTYHAIOWAR K NOTREOHTE-
J10, HO3ARKHCKNO OT NPHAKTON CHCTCMU AVIKIA YANBNeTROPATL Tpebosanknam TOUT 2874
73 «B3aja nuThesany, Ee Temucparypa b MecTax sogopaifiopa A0HHA ObiTb ke mHme 60 7C
D VCTAHORKAX UGHTPAJAHIVOBAHHOIO FOPAYEr0o BOJOCHAGMEHHA, NPHCOCAHHACMBIX K OTKpPbI-
TRM cHereman, K He dixke 507 C ripn sakpuraii cncreMe. TIpn ofieny cucTeMax ee MaKCHMAI L
Ias reMnepaTypa He 10aMHa npesuillate 75 °C

B 3axpuLiThix cHCTeMAX MOQAQFREBATENH IOPAYEIV BOAOCHUOMKCLAS  OPHCORjHHAIOTCR
K TCUAOEDH COTH B OCHOBHOM NG KapalfenbHOH, UMCWAHHOE A MOCIEZOBATENLHOW cXe-
MaM, KUTOPHU TPHMEHSKTOR KAK NPH 33BHCHMOM, VX # Upd NC3ADHCHMOM NPUCOeIH-
Henuy cueleMi otongerua. Cornacuo [48, 65] upnamencane 10i way KEOR  CXeML oTnpefe-
AACTER OTHONEHHEM MAKCHMAABHON Barpysku [opAycio pojocnabenks & pacuernoll Ha-
FPY3KC OTOTIEHUS, NPRHATHM B PAHOEE TUMIEPEiYPULM rpadrKoM  HeHTPAAbLHOrO pe-
ryJAMpOLALHA OTAVCKA TENAOTE, NPHHATOH B aGONCHTCKAX TendonoTpefadiolluX  yera-
HOUKAX CHCTEMO ARTODErYAHPOBAHHA. OUHOBNLIM IOCTCHHCTBOM OIMDOKG PacnpoCTpaHes -
O¥ MocTea0BATEALHON CXCMb ABJHETCH COKDAaUleHHS PACTeTHATO DACX0OAZ CETeBOH BOJS Hi
TENJOBYIO NOACTAHIKIO A5t HOKPLITAS MArPYI0K OTOTWACHHA W FOPAUETO BOJOCHUOKLHHA o
npeeae 10 IHAYCHHA PACKXUAH BOAL TOJBKC HA OTONJEHWE. IATo JIOCTHLAETCHE HCLOALIOBA-
HeM TOTMOTH CeTEROH BULBL LUGIC CHCTEMB OTONASHHS, AKKYMYJAPYIOWeH CouCoGHOCTH
3gaHNil IR KOMNSHCAUMH HUPABHOMEDHOCTH CYTONHOMG TPadRKa HATPYIKH LOPHNUID UBO-
ROCHAMKERHA, 3 TUKKE UPHMCHCUKEM TPAafHUEA NENTPASBHOTO PeryAHPOBaHMN OFNyCKA
TENJOTH, DACCUMTAHHOIU Hd HOKPHITHE COBMECTRON NATPYRKH OTOMJIEHHH H UCpadCro Do-
ROCHatXenna (NOBLIWEHHLIA rpadHK TCMITepaTyp).

TIpu cMEIIAHHOR CXEME THKHKC HCTIOAbIYETCA TONNINTA ceTeroH BOALI NOC/e CACICMBLL UTOI -
AeHAR. PAcueTHBI Pacxuil cercuoil BoAL NPH CMRUIANKONM cXeme npHmepHo B 1,6—1.8 pasa
npeRMILAET PACYETHBIH PACXO)l BOLH Ha OTOTLTeHAR. LA COKpAIIEHHA PECX0Nd BOIL b NO-
caegHee BPEMS NPEAI0KCHE CMCWAlNaAs CKeMa ¢ OFPAHHUCHACM MAKCHMAULHOIV pACXO1d
cereroil woae [11. 39]. Taxan cxeMe no ¢BOUM NoKA3ATeNSM NPHOIRAASTCH K pOCILA0BH-
TeasNOH CXeMe,

Ilpu napannedbnoll CXCME PACYCTHLIA PACX0M CETEBCH BOJN RA TENAOBYI NOACTAHUHIO
npamepue B 2,5 pa3a NpeBbILIALT PACXOA SO Ha oTondende. TlasTOMY MPHMEH eHie 1apya-
JEABLION CXEMB OFPAHHYEIN) DYUHDL MAJLIMH HAH OUeHh™ OOTBUIAMH GTHOCHTOIbHBIMH HAFPYi-
KaMu TODATETO BOIOCH E0MCHMA.

B OTKPLITHX cHCTEMA2X ROJA HA TOpsyee pujocnABMKelBE HOCTyNaer wa ofipataoll ¥ no-
AAWIUCH JHIHA ceTH nocde cMelend s, 00eCCYABRIOLErS 3aRaHAYI0 PETYAATODOM TeMIepd -
typy. [pu OTCYTICTBHA DErVIATODOB TEMUCDPATYPLI BCIOPadbOp OCYMECTBAARTCH UETHKOM
H3 HOAZICIEER MK oOPATHOM NUHKHH B YABHCHMUUTKE OT TCMIEDATYDEI cetennii BONLL B HeKo-
TUPLX OTKPBITRIX CHCTEMAX, TA€ OTCYTCTBYIOT TCPMOPCryIATODEI, BOROPAAGOD OCVIIEC RN -
STeH AOCAC 3NeBaTopa 0TolATeIRKOH cHetemb [73, 311

1.5.3, IEMAQBLIE NOJCTAHIEHA

CeTeBasl A NUCTY 10T B ABOHEHTCKHE TENAVNOTPCOIHIOUNL YCTAICBRY NePE3 MECTHHE
(MTT1) n rpymuvptie (IUTTT) rermaonbie NOICTARUNA, HAIWBACMBIC TAKKE TeTUTORWMMHA MyHKTA-
MH, COUTBCTCTHCHNO HEAMBHAVARBHEIME (UTI}, oO0cayXupamomsnsi oTHO 37a1THe, H IEHT-
pa.avasimg (IITIT), ofenyKHAAKIEME IpYLY sjaluil. B te10eNX nOJCTARUWAX S4KPBITHX
CHOTEM PACTIOIAFA0nTeN TenIOOOMEHHMKY CHCTEM OTONJEHNd A TopHuero sonocnalmen i,
HUCOCL POUHPRYASTIHA, NPH HEOOXOIMMOCTH MOAKAUMBAIIKNE W 1I0IMEUIRBAIOWBE HACOCH,
NPHGOPL auTOPETYJIAPOBAHHA M samnrul, ydeta u xoutponsd. Pantie Golag pacnpocipaue:
nl B ocnapioM MTIT, pacnosarapliuccen » noasatax 3nawufi. Hawkrnaa ¢ 60-x roave olwv-
su coopyxamres I'T paganvnoi relaAopoi MomRaCTR. B rakHs ropoadx, Kak Mockes o
Kuce, mownocth FTI cocrasaner 3—10 MBr. B Xapnxore npumensiotes gpyunsie [ TI1
renaosol mounocthio 20—30 MB7. Tlposcaensbie neCNSINBAHHE H ONBIT SKCNAYATIURH 1O~
xasaan uedccoobpasnacth coopyxenna I TIT Bouknod MomuoctH [29].

B oTKpuTHX cucteMax o6bno npsmensiored MTI, oakaxo B nocaeanee spems s xpyh-
HI4X TOPONEX TAWMKe HAUHHAIOT UPHMCHATLCH KPVAHHE 'TIL ¢ HEeSaRKCHMBIM NPHCOLLANC-
HHOM cHCTeM oToraenns [27, 4],

11



1.6. METO/lbl PETYJIMPOBAHHUS OTNYCKA TENJIOTHI

CucTembl OTORJAEHAS PACCYHTHIBAKTCH, KaK HPAaBHIAO, HAa paloTy ¢ HCU3MEHHbIM Pacxo-
J10M poabl. MaMenenne TennoBoi NPOU3BOAKTENLHOCTH CHCTEMb OCYULECTBASACTCA HIMCHEHHCM
reMnepaTypul BObl. ANAJOrHGHBIT METOA KA9ECTBEHHOrO peryAHPOBANHS NPHISAT H B CHCTE
Max LCHTPATHIOBEHHOTO TemsiocHafkenns, JOCTOHHCTBAMK €ro ABJSIKOTCA cTabHAbLHOCTE
FHAP@B.IHYECKOTO PEZKHMA TCMIOBOH CETH H MaKC HMaJibHas BHIpABOTKa 3JACKTPO3HEPTHE Ha
6a3e TenJosoro norpebaenns xa Tl [lpu pery.aupoBasyu OTHYCKa TCIJIOTHL 1O OTONH
TCALHOMY TCMUEPATYPHOMY I'DadHKy TeMNnepatypa CeTeBOH BOAbL! AOJIAKHA H3MEHATHCH OT
150 °C nph pacucTHo@ napysnoii Temnepatype a0 49 °C npw napyA&HOfl  TemMnepaType,
COOTBCTCTBYIONEH HEavasy H OKOHYAHHIO OTOMUTEABHOrO ce3ond  — o et 58

[pHcoeanneHKe K TENJN0BOWH CCTH PAa3HOPOAH O TeTINOBOW HArPY3KH, B NEPBYIO oUcpeldh
HATPY3KM FOPSINEro BojocHaben as, TpebyeT H3MEHEHHRA TEMNEPATYPHUTO rpauKa KayecT-
BERHOTO PeryaMpoBaHM, a4 TAK)KC YCTAHOBKH Ha TellAOBLIX NYHKTax aGOHEHTOB aBTOMAaTH-
YOCKHX PETYAATOPOB. '

H3menennsi TeMilepaTypHero rpaPHEa B OCHOBHOM CBOAATCS K CACAYIOWCMY . [Tpu mo-
Gofi cHeTeMe TenJocHabIKeHsl B CXeMe IPHCOCAHHEHHA NoTpebKTeNel TeMNepaTypa CeTeBOi
BOABL HE MOKeT GbiTh HH/Ke YPOBH S, 06CCTedHBAIOIIEro NORauy B CHCTEMY ropsuero Boa0cHa 6-
JKeHHS BOJIL 337aHHOH TeMOepaTypul. 370 0314MAET, 4T0 Ha 3HAYKTENBHON YACTH OTONHTE N b-
HOFO CC20HA B OCHOBHOM IIPU HADYIXKHBIX TeMOepartypax phille 0° C teMnepaTypa ceTeBoi
BOABI tie CHHKaeTcs HioKe 70—60° C. Dra TemnepaTypa npepwiiaeT TpebyeMylo 145 CHCTCM
oTonAeHnst, IIpH OTCYTCTBMH JOROJHUTENDIOrO MECTHOIO PEryJ/iipoBaHUs 370 NPHBOIHT K
nepepacxoy TelOTh Ha OTONJEHHE H HAPYUIEHHIO KOMPOPTHLIX YCJIOBHI B TTOMEULCHHNX.

B 3akpaiTEIX cRCTEMAX TenaocHa0XeHns ¢ napanfeibHoll M CMCMAHHOE CXCMAMH TIPH-
coenuHenHs nojorpesateneil ropAyero BOAOCHaOKEHHA W NPH OTCYTCTBHIT PeryaATOPa pac:
X074 JEepeA cHeTeMONR OTOTACKHHS PACXOJ CeTeBOH BOA HA ropsauee pojocitaGxKel e TPHBO -
ANT K HIMEHEHHIO PACTIONATaeMbl X HANOPOB B CETH H COOTBETCTBEHHO PACXOMOB BOAL HA cHeTe-
Mbl OTOMJICHH . 3TO JOIKHO KOMITEHCHPOBATLCS COOTBETCTBYIOULHM H3MEHEITHEM TEMIIepaTyp-
Horo rpadKa coTH, AHAJOTHGHBIE YCIOBHA HMCIOT MECTO B OTKPBITBIX CHCTEMAX Tenyocnab-
ACHNHS, e BOIOPaabop #3 Nojaloulel JHHKY YMEHbLUIACT PACXOL BOAbL HA CHCTCMLI otanJje-
ifnA, a Bogopaszbop H3 oGPaTHOM AHHMHK €ro YBCIHYHBALCT,

B 3aKpuiThiX CHCTEMAX C NOCAEZ0BATE/BHOH CXeMOT BKJIONCHHS NoACTpeBaTeNe YBEJH-
(eHHe PACXoja CeTeB0il BOIB HA BEPXIlOK CTYTeHh NMPHBOIHT K CHIKEHHIO TeMllepaTyphl
OB, ROCTYNAOILEH B CHCTEME! OTOMUIRHHS, ¥TO Tpefyer COOTBETCTBYIOULEro [OBbILIEHHA TEM-
nepatypHoro rpaguka. 3T0 NoBHIWEHHC YBEJIHIHBACTCR MPH NOBLIIEHHBIX HAPYKHBIX TeM-
nepaTypax, KOTJa floJiA HArpy3KH ropsdero BOMOCHAGKEHH I, NOKPHIBAEMas Bepxue cry-
fICHbIO, SIBASETCH MAKCHMAALHOMN,

[Tpu nanwyun KOMGHHHPOBAUKOM TEN/IOBOK HATPY3KH NEHTPaIbHOE KAHECTBCHHOC pery-
AMPOBAHME NOJIKHO AOTONHATHCH KOJHUECTBERHBIM PEryAHPOBAHHCM y noTpebureici. 3ana-
YaM} 3TOr0 peryAHpPOBaHHS ABAAWTCA: cTabHau3aUHs TeMnepaTyphl BOLM B CHCTEME T'O-
pSMero BOAOCHAGKEHHA NPH BCeX 3HAUCHHAX HATPYIOK rOpPAHEro BOAOCHAGKENHS B TeUenHe
BCETO roja; ofecniedenHe 3ajaHHbBIX TeMIepaTyp Harpesa BO31yXa B CHCTEMAX BEHTH. SILUHH,
ofecneueH He 3aja HHON TeMneparypsl BO3AYXa B OTANJAHBACMBIX NOMEILCIIHAX.

JIns peryJIHpoBAHHSA NPHMEHSIOTCA B OCHOBHOM Pery/aATOpb PHAPABAHYECKOTO H IAEKT
ponHoro tHnos.[lepsble ABe 3agatn Ke BbI3LIBAIOT kakux-au6o 3arpyancuuii. Tlocaennas
3a1a9a, 7. €. PEryJAHPOBaHKe OTIYCKa TenA0TH Ha OTOMJeHHe, ABJACTCH BCCLMA CAOKHOI,
NOCKOABKY peryJiupyeMsiii napaMerp -— TeMNepaTypa OTaNHBACMbIX NOMENICHHH 3aBHCHT
07 GONBLUIOFO SHeNA KAaK BHEUIHKX, TaK W BHYTPeHHHX pakTopos. BaueR MU M3 HIX A6
ARIOTCA:

TEMIEPATYPY HAPYKHOIO BO3AYX4, CKOPOCTh W HallpaBacKHe BCTP4, paccestnnast M
JHaNpaBMeHHAR CONHEYH4s DAABAIHA, atmochepnble OCaaKi, T. €. PAKTOPH. HMelLHe BC-
POATHOCTHBIA XapakTep,

TEMNACAKKYMYAHPYIOU@s CNocG6HOCTDL 31aHHl, BHYTPCHIHE TelIOBhCASIRA

FRAPABAMNECKKI W TEMNEPATYPHBIE PEHKHUMBl CHCTEMD! TeniocHabMenH;

CXEMbl MPHCOEHHEHHS NOTpedHTe el K TENJ0BOM COTH,

BOBMOXKHOCTH MO(ACAHOTO PEryAHPOBAHHA CHCTEMBI OTORJICIHA,

flosTomy BOonpoc O cxeMax H annapatrype ABTOMATHYECKOIO PEeryJIHpPOBaAHHA OTAVCKA
TenJoTH Ha otofente y noTpeduTe/1eN Boi3bBALT MHOTOYKCACHHDIE AHCKYCCHI, HalemILiHe
OTpaxelina B TCXHH4YECKON AHTepaType [59].

B nactosueli raape Jganbl oOlAA X@PAKTCPUCTHKA H OCHOBIHGLIC HpeACTaBIACHH S O
coBpeMeHHBIX CHCTeMaX TensiocHaGKeHHs) W HANPABICHHAX HX PA3BUTHH. B nocaeayouHx
rmapax ciesiad He TOJbKO KAYECTBEHHLIR, HO H KOJHYECTBCHH B AHAAH3 THAPABAHYECKHX H
TeNMOBKX PEXHMOB TCHAOPHKAUHOHHBIX CHCTEM H HX OCHOBHBIX 3ICMEHTOS, a TakXKe npei-
AOWCeHB METOABI WX pacueTd, WIJIOCTPHPOBaHHLIE TMPHMEpaMH.



Taasa Bropas

THAPABJUMYECKUE XAPAKTEPUCTHKH OBOPYIOBAHNA

2.1, OGOPYLOBAHHKE T3LL H HACOCHbLIX NOACTAHULHH

OcHORKAIM G60PYAOBAHHEM TeMNOhHKaHHOHHBIX ycTanoBoK T3LL i HACOCHHIX
OOACTAHLUHA ABJAAKTCH ceTeBhIC HAacOCk!, NOA0rpesaTe ceTeBOH BOILI, MTHKOBBIE
BOJOTPERHBIE KOTJIbI.

2.0.1, CETEBBIE HACOCH

OcHOBIILIE T2paMeTphl LEHTPOOCIKELIX ceTeBblX Eacocos THna (3, persiamel-
tuposanubie TOCT 22465-77, nprpenens B rala.2.1. B cueremax Tenyociabxke:
HHA UTMPOKO NPHMEHAKTCH TAKKE IeHTPOoOEKHLIE HACOCHl ABYCTOPOHHErD BXO/d
tuna J1(COCT 10272-77). 11X ocEOBHHE napamerpbi TpHRefeHw B Taba, 2.2.

Ta6nupa 2.1. OcHOBHEIE TeXHWYECKME XAPAKTEPHCTHKH CCTCBLIX LIACOCOB
(TOCT 22485-77)

E o : 2 § T o
< , % | dasneHie | = & . E 3| XaparTepieTHrn MRLOCH
> ¥ ¥ | yaexome | ¥ =32 d = TN
- 5| omacor, [AF | BE - Hy=Hy ~SuVu
Tan Hacoca P 3:: MIla. - = '& oz
g i |52¥| wkreemt [EE. | BX | 2 |7
= = g - 0w = Pt
= c |Sep| ¥ederce 5| 5a g a) HY. u Sge MouET/MY
g | = [%5s 2= | &e | £ || “® -
.160-50 60 507 5,50 0,39 4| 30007 120 29173 - —
Egigg]’[} 160, 70 5,51 0,39 4 | 3000 120 3779 — -
C3-160-100 160| 100 ; 5,5} 0,38 4 | 3000 120 5971 _— —
C3.230-50 25| S0 | 7,01 0,39 4 | 3000 120 41|80 - —_
C3-320-110 3200110 8,0, 0,39 4| 3000} 120 [ 114 |80 - _—
C3-500-70-11 500] 70 1 10,0] 1,08 11 13000 580 | 103f82] 2,6 | 7.80.10-
C3-500-70-16 00y 70 1 10,01 1,57 16 | 3000 180 | 103]82 — —
C3.500-140 A0 140 | 10,0} L,B7 16 | 30001 1801 21081 — —_
C2-800-55-11 B00| ©5| 5,6 1,08 11 | 1500| 180 | 132]381 61,3 1,03.10-8
C3-800-55-16 800 551 5,5! 1,67 18 | 1500] 180 | 13281 — -
- C3-800-100-11 500| {00 ¢ 5,5 1,08 1} § 1600 | 180 | 243 (80| 133.9 4,69-10 3
C3-800-100-16 800 100 | 5,5 1,57 16 | 1500 IB0 | 243 |80 - w—
C3-800-160 800| 100 ) 4,001 1,57 16 | 3000| 180 | 37882 = —
C3-1250-45-11 12501 45| 7,51 1,08 11 | [H0O| 180 | 16682 - -
C3-1250-45-25 |1260| 45| 7.0 2,45 25| 1500 180 | 166 )82 - i
C3.1250-70-11 1250, 701 7,5 1,08 11 | 1500 180 | 260|382 90.9 1,40-10-°
9.1250-70-16 [ 1260 70| 7.b| 1,67 16 | 1500] 180 | 260182 v —
CA-1250-100 1250 100 | 7,6 1.67 16| 16500| 180 | 37082 - s
C-125G-140-11 11200 1400 7.5 1,08 11 | 1500 180 | 518 (82| 16R9,8 1,88-10 3
C9-1250-140-16 | 1200 140 | 7.5] 1,67 16| 1500| 180 | 51882 - —
C3-1600-50 1600 50| 8,56} 2,40 25| 1500 180 | 234183 —
C2-1600-80 10O | B B85 1,07 16| 1500 | 180 | 38880 —- -
C3-2000-{ 00 2000 100 | 22,01 1,57 16 4 3000 180 | 572|856 - —
C2-2000-140 20001 140 | 22,0 1,57 16 | 3000 180 | Ri0 |84 — —
CI-2000-60-11 12500 60| 12,0] 1,08 11| 1500] 180 | 422 |86 81,0 3.25.10-%
C3-2500-60-25 |2500; 60 ] 12,0 2,45 25 1 1500 180 | 422 |86 - —
C2-2500-180-16 [ 2500 I8¢ | 28,0 1,57 16 | J000| 180 | 1380 | 84| 249,7 10910 %
C3-2500.180-10 12500 180 | 28,0 0,88 10 | 30001 180 § 1380 | 84 — —
C5-3200-70 32000 WO | 15,0 0,98 10| 1500| 120 | 672186 — -_—
C3-3200-100 32001 100 | 15,0] 0,98 10 | 1800 ) 120 { BuS |86 — —
C3-3200-160 3200 160 | 32,0| ¢,88 10 | 3000] 120 | 1530 |86 _ —
C3-5000-70-6 a000] 701 15,0] 0,58 6| 1500 120 [ 10361877 104,9 140-10 ¢
C35000-70-10 |5000| 70 | 15,01 0,98 10 | 1500 120 | 1035 | 87 — —
C3-5000-100 D000 ) 100 + 15,0 |,57 16 | 1500 180 {1340 | 87 -— —
C3-5000-160 5000 | 160 | 40,0] 0,98 10 | 30001 120 | 2370 | 87| 238,60 2,90-10-¢

ifprMegaitie Tlapaverpe XapakeeDHCIMKH RPHEENCHEL LA HACOCOR, BRINYCK2EMUL: Npos
MG LLAETHOCTLR.
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T aGauia 2.2. OCHOBHbIE TEXHWYECKME XAPAKTEPUCTHKH HACOCOR tana 1
(FOCT 10272-77)

JlonycTHMBIA i te SR .

: v, APpAKTEDHCTHRKA
i ’fsa}fgtgaunnaﬂcﬂ M g'é: P Im%oca

= ; —=| BES| 4 X B S ¥
Tun wacoca® r = 3 g ] 222| = §‘§ 5 3 o
el §|E3z|EEElEtL) g | gE |
J1200-95 (4 H.ILs) 200 95 8.5 l 9,5 | 2950 so| 70 |[116.7] 5,47-107¢
71250-30 930 | 130 | 8,0 10,0 1451 72 | - —
T1320-70 (6HHc) 320 | 70 8,51 10,0 g5 | 78 | 92,9{ 2,55.107
71200-36 (SHI1B) 000 | 36 | 3,01 6,0 10| 35| 72 | 46.4| 1,98.107¢
11320-50 (6H 1s) 320 a0 4.5 8,0 ¢ 76 61,1] 1.,23-1074
1500-65 (10/1-6) 500 65 4,0 8,0 130 i — sy
J1630-90 (8H1B) 630 490 6,54 10,0 230 80 98,8| 2.47.10°°¢
71800-57 (12/19) 800 | 57 | 5,0 8.0 170 | 82 s —
111250-65 (12H [ic) 1250 (i 7,01 12,0 260 36 76.,3| 8,33-1078
T11250-125 (141-6) 1250 125 7,5 11,5 620 76 —_ -
11600-90 (14H <) 1600 90 8,04 13.0 500 87 -_ .-
1

I1500-36 (8HI1B) 500 36 5,0 7.5 980 100 80 48,7 3,8i-107°
71800-28 (12H]Mc) 800 28 45| 7.0 100 | 86 37.5| 1,33.107®
T1000-40 (14F1c) | 1000 | 40 | 4,0} 9.5 150 | 87 | 48.81 ¢,82-10-8
n2000-21 (16H 1) 2000 21 551 12,0 150 80 — | -
12000-100 (201-6) | 2000 | 100 | 6,5] 7.0 760 | 75 — s
112500-62 {18H ¢} 2500 62 6,5111,0 500 7 91,61 4,86-107°
13200-33 (20H n) 3200 33 7,01 9,0 400 | 88 87.1] 1,62.107®
13200-75 (20Hc) 3200 Th 8,51 12,0 800 | &7 90,21 1,56-107%
14000-95 {22Hc) 4000 95 | 8,01 12,0 1350 | 88 _— N
11250-14 (16H Xr) 1250 14 a5 5.0 730 100 80 18,1] 2,88-107®
112000-34 (18Hc) 2000 34 3,5 8,9 250 87 50,91 5,56-1078
12500-17 (20H 1AK) 2500 17 5.5 7.4 200 %] 24,9 1,18-107%
T2500-45 (20Hdc) | 2500 | 45 § 6,5110.0 350 | 87 | 54,3| 1,44-107¢
113200-55 (22HIc) 3200 5 3, 9,0 600 | 88 — —
J15000-32 (24HIn) 5000 32 8,61 12,0 500 | 83 44 81 4,26-1077
116300-27 (321-19) 6300 27 10,0 | 12,0 600 79 43,11 4,17.1077
T6300-80 (24HI¢) | 6300 | 80 | 8,0} 14,0 i750 | 88 |100.1 | 4,17-1077
J13200-20 (24H[1n} 3200 20 401 6.0 585 | 220 83 28,51 4,35-1077
14000-22 (3271-19) | 4000 22 5,9 8.5 300 78 28,1 3,88.1077
115000-50 (24Hc). | H00C 50 5,51 12,0 900 { 87 85,61 1,8.1077
112500-24 12500( 24 7,0 8,0 485 950 88 —_ -—
(48]1-22)

* B cxuOKax yKasaun o0o3HaueHHs 1o HpeHell MapKHPOBRE,

IuapaBanyecKon XapaKTePUCTHKON HACOCa SIBJISETCA NONYHEHHAR B pesy/ib-
TaTe HCTIBITAHHE 3aBUCHMOCTh CO3/1aBAEMOrc M Halopa H, or pacxoja soasl V,
yepes Hacoc!. Jta 3aBHCHMOCTD TIPH HeH3MEeHHOMN YacToTe Bpal[CHHs BaJjla LEHTPO-
GexHOr0 HAacOCa MOKer ObiTh NPHO/THKeHHO BHIpaXKeHa ypaBHEeHHeM, AeHCTBH-
TeTbHBIM B OGACTH TOJOXKHTEbHbIX 3RAUEHHH pacXol0B H HAMOPOB,

rae H% — nanop nacoca mpu V= 0, M S, — BHYTpeHHee COMpOTHBJICHHE,
M- u?/Mb. '

1 3nech H fajiee NOJ PACXOIOM Hepes Hacoc MOKHMARTCH KOAHYeCTHD MHAKOCTH, MOAAN-
HON HacoCOoM B CETh B €JHHBIY BPEMEHH.
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" 3navennst HS u Sy noabupanoTcs TaKHM 06pasoM, u4ToGh ypaBHenue (2.1a)
BO3MOKHO B/1HKe COBMajalo ¢ AeiiCTBUTEIBHON XapaKTeDHCTHKOM Hacoca B JHa-
nasoHe paBouMX PacxXoloB Boubl. OmnpeneneHHble TaKHM 0OpA3OM SHAUYEHHS
HS 1 Sy A/ NpHMeHsIeMBbIX B TeNVIODHKALHOHHBIX CHCTEMaX HACOCOB NMPHBEAEHBI
B Tabn. 2.1 u 2.2.

IToas xapaxtepucTHk HacocoB THna C u Il npuHBeleHbl COOTBETCTBEHHO HA
puc. 2.1 u 2.2.

DKBHBAJNCHTHAS XaPAKTEPHCTHKA BK/IOYEHHBIX MapaJ/Ie/IbHO 71 HACOCOB C O1H-
HAKOBBIMH XapaKTePUCTHKAMH NPH OJHHAKOBBIX CONPOTHB/IEHHAX BXOAHBIX H Ha-
MOPHLIX JMHHH BBEIPAXKAETCs yDaBHEHHEM

H» =HO—82 V2, (2.16)

rae Hy — Hanop napaieJbHO paGOTaKIHX HACcOCOB, M, Sa = Sy/n*— BHYT-
peHHee COMpPOTHBJIEHHE IPYNNEl TapaaienbHo paboTalomuX HaCcOCOB, M- uZ/M®;
V uz — CyMMapHBIE pacxol BOJBI 4epe3 rpynny napajienbHO paboTalolnX Ha-
cocoB, M3/, )

2.1.2. CETEBBIE NOLOTPEBATE/H

THAPABIHYECKOH XapaKTePHCTHKOMN CeTeBbIX Mojorpesaresiel ABIAETCA CO-
NPOTHBJEHHE, ONPEIe/IAeMoe N0 pesynbTaTamM pPacyeToB WM HCIbiTaHHA no ¢op-
myae S = AH/V?, m-u¥/mM®, rie AH — noteps Hanopa B noforpesaredie, M, npH
pacxoje ceTeBoil BOABL yepes monorpesareab V, M*/u.

ConpOTHBIEHHS HEKOTOPLIX CETEBRIX NMOIOrpeBareiell NpHBe/ieHsl B Ta0u. 2.3.

TaGauuwa 2.3. Conporusaenns ceresbix noporpeparenedt TILL

Pacxoa, M%f4, TloTeps Hanopa, M,
Toxorpesareas HOMHH2/ILHEIA HOMHEHATBHAS CUUP";_‘:&;"M%H“ c's
MAKCHMA sHbL MaKkcHMabHad
[1CF-1300-3-8-1 2300 52 0,98-10-°
3000 8,6
[1CT-2300-2-8-1 3_501 6,4 0,52-10-¢
4500 103
MCr-2300-3-8-11 3500 64 0,52-10-8
4500 10,3 i
[TCT-3450-3,5-8 3500 80 0,65-10-°°
[1CI-5000-2,5-8-1 6000 10,0 0,28-10-°
8000 16,9
[1Cr-5000-3,5-8-11 6000 10,0 0,28-10-°
8000 16,9

! ConpoTHBJCHHE QpeaeaeHo no napaMeTrpam HOMMHaABHOTO PERHMA.

2.1.3, TUKOBLIE BOAOFPEHHBIE KOTJbI

Bojorpefidbie KOTJbI MOTYT pafoTaTh KaK B OCHOBHOM DEXHME, KOTAa OHH
SBJSIIOTCA OCHOBHEIM HCTOYHHKOM TETIOTH], TAK H B MHKOBOM pexume. B nocaen-
HeM cJyuae PAcXOJ CETeBOH BOAbI Yepe3 KOTe/l NpUMepHO B 2 pasa GoJblue, YeMm
npu pabore B ocosHoM pexume. [Tpn paborte KOT/1a B ITHKOBOM peKHME OH BKJIO-
yaercs 1o AByXXOnOBOH cxeme, a NpH paboTe B OCHOBHOM peXHMe— MO YeTblpex-
XOL0BOH. '
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Tadanwia 2.4, ConporHsaeHHe MUKOBMX BOAOrPEANBIX KOTJOB

| Puckod soant, MYa | TloTeps Hanopa, M | Couporasenne, meuijue
[acao xonon, peacim
Tun wotaa .
2 4 2 4 2 3

HNuxkoest | Ocroenolt | IMTukoswiil Ocnor o [ 1nwoBEIT Cruonaof
Mriv-180 3860 2250 10.6 23,4 0,71:10 & 4,7-30°%
MTHM-100 2140 1235 9.6 210 2,1.10"¢ 14.1.107¢
[TTBI-16Y 2140 1235 8,06 21,5 1,75-107% 14,1.10""
[ITBM-50-1 1500 625 5,0 9,4 2,5.10°0 24 .6- 107k
ITTBM-12,G e 156 — 15,0 — 5,15 10
[TTBM-12,5* — 150 = 0,0 s 8,2. 1074
[TBT-12.5 - 156 i 20.0 - 8.2 10ms
KB I'M-100** 2460 1236 8.0 16,5 1,32.10°% 10.8. 109
KB-TM-30 1230 618 745 13,3 4,95.1079 34,8.10-6

¢ Fopaontiaeinod KOMIGHOBKE, I ocTarpHbiX KOTHax GARICHIE KOMIOHOHKAL.

** Conputapienua kotnos KB-T'M — oo jianabim [34].

PaCHET}”}IC pacxo.nb! BOALL, COGTBETCTB}'I{)IL[HE HM I'I'DTC!] 54 IIaI'ropa, d TAaKHe COL-
npOTHB.HeHHH MHKOBRIX 'i'&‘,nﬂ()[llﬂ KAUHOIIIEX BO:{OFD'E'ﬂ HBIX KOTVIOH []p}i RHE/ICHE! B
Taba. 2.4,

2.2, OBOPYJOBAHHE TENJIOBBIX CETCH

2.2.1. TENJIQPHKAUHOHHBIE TPYEONPOROADL

[Ipn TeYeRKH KHIKOCTH B TpyGonponoje nadMonaercd nageHne nanopa AH,
KOTOpOE NpescTaniner cobOll CYMMY ABYX C/ardaembiX: JHHEAHOro Maleius na-
nopa AH, 1 NateHHa HANOpAa B MECTHHIX conpoTpiaenuax AH . Jluneinoe va-
JeHHe HAopa — 5TO NAJACHHE [1ANOPa HA NPAMOKHEHHAX yUacTKax Tpyoonpo-
Bona. [lagene nanopa B MECTHbIX COMPOTHBACHHAX — 3TC NaneHKHe Haaopa 8 ap-
MaType M JpyInX 3aeMeHTaX o0OpyROBaHusA (OTBOAZX, KoJeHaX, maHbax. KOM-
MencaTopax), PasMelledHbIX HepARHOMCPHO 10 ANKIe TpyGonpesona. JlunerHoe
NayeHHe Hanopa, M,

AH, =h_ 1, (2.2)

rie A, — yiaeqdnHOe AWHeAHOe mafeitne Hamnopa, Kaskisaemoe GOhiYHO B IHZpas-
AHKE THIDABNMYECKHM YEJIOHOM (i), M/M; [ — aimHZ yyacTke TpyConpososa, v.
No dopmy.ae ["Apen

] 2
hy=h- = 6,35 10-% —, (2.3)
2gd 45

e A — KOXpDULHENT TFHADABAHYECKOrG Tpens (GeapasMepHAs BEVHUHHA),
@ - CKODOCTh JBHXEHHA TEIVIOHOCHTEd, M/C; @ — YCKOp&HHe CROOOINOrO nane:
aus, M/ck d — puytpenHuft guamerp rpyObl, M; ¥V — GOLEMIbIH PACXOL TEUI0-
nocurens, M.

KosdxbHUHERT THAPABIHUECKOrO0 TPEHHA  ONpeJensercs Ino gupmyde
A Ausroryas [1]

%011 (_k_ o I% }”'9", (2.4a)
d Re
rie k, SKBHBAJNEHTHA# MEPOXOBATOCTH TPYOONPOBOJA, XAPAKTEPHIYIOWEs
COCTOSTHHE BHYTPEHHCH TOBEPXHOCTH TPYGONPOBOAM, M. JTa BEAHYHIIA HOPMEDY-
eres CHull [65f
T BOjsHAIX TEMJOBLIX CETell B YCJIOBHAX HOPMAJILHOGH IKCHAYATAUHH COI-
aacHo [65] snauenye f; nprHumaercs pasubm 0,0008 M (0,5 mm).
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a I i=ge] | dopmyay (2.4a) MOXKXHO NPEJCTABHTL B
112 \ s BUJE
20 0,25
W10 \X/’/ = n-0,11(=22)" a, (2.46)
1,06 &/7/ P rie
A
1,06\ E s : 684 10,25
. )&-m ==(l+ ) . (2.52)
104 \ .y ka Re
102 \\ h_____:‘"* - PacemoTpuM, NpU KaKHX YCJOBHAX a4
e cTaHOBHTCA G/TU3KHM K eJAHHHUE:!
100 9
0 0% 88 12 16 20 3% w a=(1+ isg_)ﬂ-ﬂﬁL(Hl 68v )n.as'
Puc. 2.3. 3apucuMocTb KO3 OHUHEHTA ka Re ke @
G OT CKOPOCTH BOJH B TpySompoBoje (2 56)
@, M/c, NpPH pAa3AMYHBIX TeMIepaTypax '
BOH Ha puc. 2.3 npHseaeHsl 3aBHCHMOCTH

Ko3(ppHIHEeHTa @ OT CKOPGCTH TEMN/IOHO-
CHTETA NMPH Pas3JMUHbIX TeMIepaTypax TEeNJIOHOCHTeI H SKBHBAJIEHTHOM LIEpO-
XOBAaTOCTH k, = 0.5 MM.
[Ipy MMEIIMX MECTO B TENJIOBLIX CeTAX TeMmepaTypax BOIb 70—100 °C
W CKOPOCTAX BO/bI, npepbiuaomux 0,5 M/c, BeHUHHA KOS(XPHIHENTA a He Npe-
Bocxonut 1,03, a npu ckopoctsix, GoibuHX 1 M/c, oHA He NPEBOCXOIHT 1,01.
B 3Tux yCJIOBHAX, COOTBETCTBYIONIHX AOCTATOUHO GOoMbILIMM 3HAYEHHAM 4YHCJA
PeiiHonbaca. 3Hauenue @ Gnusko k eauuuue 1 dopmyaa A JL. Anbruyas (2.4a)
cosnazaer ¢ gopmy.aon b. JI. lludpuncona

%= 0,11 (l‘;i)“'” . (2.6)

Takum 06pa3oM, B YCAOBHAX paboThl TEMJIOBHIX ceTeill KO3(pdPHLHEHT M'HAPaRB-
AMYECKOro TPEHHs MOKET C JOCTATOYHOH TOYHOCTBIO ONPEAeAAThCs MO dbopmyne
b. JI. Uludppyncona (2.6).

B 3TOM caydae A He 3aBHCHT OT Pacxoja TEMIOHOCHTENs i COIVIACHO ypaBHe-
a0 (2.3) AnHeliHOe TageHKe AaBJICHHS B TPYOONPOBOJE OKA3bIBACTCS NpONOPLIH-
OHAMbHLIM KBAAPATY Pacxoja TenJOHOCHTENS.

[pu 3uauerun A, onpeneseHHoM no GopmyJie (2.46), h, cocrasaser

Vﬁ
d5.25

(2.3a)

6.2 o8
I L 1 3
hy, = kY
VienpHoe AWHEHOe NajeHue Hanopa, M-4/(M°-M), OTHECEHHOE K eAHHHIE

0BBEMHOrO PACX0/a BOJbl, M*/4,HA3bIBACTCH YACALHBIM conporuBaeHnem TpyGo-
npoBo/ia

by 07 R
Sy=2 S = (2.72)
Npu k,==5-10—* M
1.05 I
Sy T o ys.2s (2.76)

ViaenbHoe conpoTHBAeHHe TpyGonposoaa MpeNcTaB/IAEeT coBoN BEAHYUHY ,
paBHYIO NaJIEHHIO HAopa Ha NpsMOJIHHEHHOM yyacTKe TpyOONPOBOAA JTHHON 1™
npu pacxosie BoAb | v /.

3nayends yAebHBX CONPOTHB/IEHAMH TpyBONpOBOLOB TEMIOBBIX ceTeil nMpu
k, = 0,5 mm npuBeaens B Tab. 2.5.
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Tatauwna 25 Voeabiste ConpoTHaAeHNs TpySonpoponos
0A% BOZSHBX TEWJoBEX cever®

z o il Lo L,0s : 3 =2 (. .. 1,08 1
EAELANNT L I S oriorail PSR E-LAGE § - Rt e TrwTY
Ba|lab| 8z EE- @an Jgé abl5s| BE dy
55| g2 |82 | Ed e B | 2|82} &% Mo
S8 | =&|RE | A% MM PS2 22 (S5 | &2 M
15] 182 14 367,6 | 00| sa0) ¢ | 518 3,82.10°9
90| 25 |2 21 57.5 | 600| 620 6 | 618 1,41.107%
95 | 32|25 27 18,1 | 6oo| Gaol 7| A6 341078
321 38125 33 6,3 | 700] 720 7 | 706 6,55.1077
0| 45]2.5] 40 2.5 . 700] 720] 8 | 704 6,63-107
50| 37 |3 51 0,b4 800| 820| 7 | 808 43,9610
65| 76| 3 70 0,121 800| 820| 8 | 804 3,30.1077
80| 80|23 83 4.97.107 || 800| 8201 @ ] #02 3,44.1077
100 {108 | 2,51 101 1,77-107 900| 9201 & | 504 1,78.10-3
126 { 133 | 3.5 126 5,53 1073 900 | e20| 9 | 902 1.8.1077
150 | 159 { 4.5 | 150 2.2¢.10°% [ 900] 920} 10 | 900 1,83.10°7
175 | 194 | 6 184 742,007 |[1000 [ 1020] 8 | 002 1,04.107
200 | 219 | 5 209 2.89.10~4  [1000]1020] 12 1 @98 1.07.10°7
950 | 273 | 7 59 [.26-10-¢ {1000 |1020] 14 | 4u2 1,1-1077
aon | agh ) 7 311 4,83.107* 1200 122 13 1158 4.07.107¢8
850 | 377 | 7 363 o4.10-5  [1200]1220f 14 | 1192 4,18-10
400 | 426 | 6 414 1,08.10°+ 1400|1420 | 14 | 1392 1,85 10"
450 | 480 | 6 468 5,65. 10 ¢

:
4 DRUMBAACHTHAYN  MOUPGEOBATOCTE  Au=(.0008 M-

Yieannoe conpOTHBAEHHE TRYOGONIPOBOAA 3aJalOrc AxaMerps ONpEeIaIda-
eTcsl, TAKHM 0O(Gpazom, TOJBKO BeNHIHHON, 3KBHBAJENTHOH WLICPOXOBATOCTH &y

Cormacuo [65, 1. 7.9] skBukAAEHTHAA WEPOXOBATOCTL BHYTPEHHE 110BCPX-
HOCTH CTAInHMX TPYO JOMKIA NDHEHMATBCRT LT 11 PORKIX TCINOBLX CeTel Ry —
== (0,2 MM, LTSt BOJSHEIX TeILI0ORKK COTCH &y = 0,0 MM, LN8 TEILIOBLIX ceTel 1o-
PaYei BOIOCHADKCHAS ¥ KOHIeHCATHRLX cered £, = | Mm.

CornacHo CHull ra npoektipopaiike cHereM oTtonaenust (n. 3.5.3) ru1pap.Iu-
GECKWI PacdeT CHOTEM OTCIVIEHHS JAO/UKEH BhIMOJHATLCA NPH CAEAYIOUULX 2HauC
HHSIX £, I8 W@pONPOROINOE H BOZOBOAOD &y ~ 0,2 vM{ i KOHACHCATONPOBOIOR
k, == 0,0 MM.

C TeweHHen TPEMeHH COCTOARNUC BHY IPeRileii MOBENXHOCTH TPYOOLDOBOIUS ¥ PL2Y.ILTATE KOP-
POSHONHK X ¥ APYTHX CTAOMERHI YXYRIMGETCA, YTQ NPHROANT K YBEAKNCHHK JKBHBAIRHT-
Hof um{um'ma-rcnrmi H conpurasgcuna tpybonpornia.

A, 1I, Bapbonosmeesvir [7] i GEnOBAIER AKCAEPHMERTAABHOIG HECICACBANRS 1py6o-
NPAEOAOE CHCTEM OTONIEHHA AnaMetTpom o 100 MM co cpoROM CayxOm o1 2 40 78 aer npes-
JIOMERA 108 KOJMYCCTBEUHON UUCAKA YECIHULHAS NOTEPD HATIGPA B TRy OOIPOLOIL b 34BHCH-
MOCHH 0T CPOKA ¢AYEOL H COLCDRAUTA KHCACPORA R RO CICIVIOUlaA bopmyaa

AP, AP, =0 B-— 7098 (0,16 0,05 0y,

rac AP, noteps Aandenus b TPYOOUPOBOAC Toeae 4 JeT SKCNAYATAUHY, APp — pacuer-
sy NOTep” JARIEFHS B 5ToM TPyOonpuBoAt NP ky - 0,2 Mm; Oy — COASPRUBKE KECIOPO-
Ja p BOJC, MT/KT.

C yuerom suaverudt & no opmyac Irppuscotia AP /AP, Efcaf'U,Q}c'g" M0 TIPHBEASH -
HOil QOPMYAC MOTYT 65ITh ONMpeaeTeHl ROIPOHUMCHTH WEPOX0DATOCTH. 13 MOPMYAR BWAI-
po COJLNC DAKSHME, KOTOPOE OKAZLIBACT Hd POCT THARADMIMECKNX DOTePDh COALPRENNL
PECIBOPENIOrn B ADAR KHCAODOA.

TloaTRepAHACHAEN FTOTO FRIMICTCH DESYALTaTi NPOBENeHHE hX B MOCICIHAE TOLL [0
OPraun3alh THAPARIUMECKHY MCNRTAKNL  CUA00PONOIeR GOAKIIOTO THAMETPY {1000—
1400 Mm), Jhyum, g renaosaruerpzagx or Munckoli TOI-4, npopatiorapwrx 3 rona nps
NUPUIIGHR KIMEC1RE REaSpalEN NOATRTOWKCH BOW, 3naueniifl R, HAXOAHIHCH B Hpraciax
0,4—0,8 nm. B rennomarncrpany ppamerpom 1400 um ot 'I“E}H-ﬁi MOCINepro <o CPoKoM”
SKCRAYATAURH 7 NeT 3MauCHHe £ cocTapuaac 0,9 MM, B TCNROMATHCTPR/IH AMUNMCI POM
1200 Mp o1 T[22 Mocsuepro co cpokom caykOu 15 aet ky — 2.5 4 WM. B Tendovarner
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paau ot Ceseproi TILL Jlensnepro Auamerpom (400 MM npH OTKPETOK cHCTeMe Ten/loCHa6-
JKeHHS M HEJOCTAFOUHO YAOBACTBOPHTEAbHON Ae2dpauuy nocie 6 Jer axcnayataunu cpea-
HHe 3HAYCHAS k, COCTABALIH AN NojaioweR MarkcTpaau 3,5, a 414 o6paTHoH 2,3 MM, l'?pue
BOIEHHBIE JAHMble NTOKA3BBAIOT, KaKoe GOVbIIOe JHAYEHHEe HMEIOT X0POollan feaspauus Noa-
NHTOYHON BOAB H MPEeAOTBPAINCHHE NONAAAHHA CHIPOH BOAW B TENJOBYK CeTh Als npeay-
npexaeHns POCTA FHAPABAHYCCKOrO CONMPOTHBAEHHA TPYGONPOBOAOS TeNAOBHX ceTed.

B nocaelsee ppeMs Nposeier pal paboT, NOKA3IABLWHX BOIMOMKHOCTE CYIUECTBEHHOIO
CHHKEHMA KODHUKEHTa FHAPABAHYECKOrO TPEHHA NPH BBEJCHHH B XHJAKOCTH Hebosbilo-
ro KOJHYCCTBA MOAHMEPHLIX NOBEPXHOCTHO-AKTHBHLIX BELIECTB, HanpHMep NOJHOKCHSTH-
Jena, noinakpraamujia. Nposesenbl Jabopatophbie K CTeH1OBbe HCCASJOBAHHA 3TOTO
QBJAEHHA, a4 TaKKe HMeeTcs ONBNT BBEZEHHH NOJAHMEpPHLHX 406aBOK B TENJAOHOCHTENL B pe-
ANBHON CHCTOMe TEMIoCHAGKeHHd oT HeGoasluol XoteasHoft B r. Xapekose [64]. 3TH He-
CACAOBANH, OCOOSHHO MePCEKTHBHBE AJIA CHCTEM RajbHe# TPAHCNOPTHPOBKH TENAOTH OT

3arOpOjHLIX HUCTOYHHKOB, Ueneco06pasHo 1IPOROMKHTS.
2.2.2. MECTHBE CONPOTHBJEHKHSA

CyMMapHOe najleHHe Hanopa BO BCeX MECTHBIX CONPOTHB/IEHHAX Ha ydyacTke
rpybonposoaa

AH, =352 2.8)
2

rae 2& — cymma K03(HHLUHEHTOB MECTHBIX COMPOTHBNEHHH, 3Hauenns § npuse-
neunl B (631,

B cBsi3W ¢ nosiBeRMeM B MocaelHee BpeMsi HOBOro o6opyaoBaHHA Ha Goiib-
WIHE AHAMeTPhl INPEACTABJAAETCSH BaMHHM MPOBEAECHHE DKCNEPHMEHTANbHBIX HC-
cle/oBaRuil A onpeleseHHs Ko3(PHLUHEHTOB MECTHLIX CONPOTHBJIEHKH 3TOrO
oGopynoBanusi. [TonwTka pa3paboTaTh METOAHKY aHAJTHTHYECKOTO ONpeneeHHs
3HaYeHNil & AJIsi HEKOTOPHIX MECTHHX conpoTHBaenki caenana B 1], Jlauna npsa-
MOJHHEeRHOro ydactka Tpy6onpoBoa AHaMeTpoM d, JHHERHasi noteps Hamopa Ha
KOTOPOM paBHA NOTEpe Hanopa B MECTHHIX CONMPOTHBJEHHSX, HA3BIBAETCH SKBH-
BANEHTHOM AJHHOH MECTHBIX CONPOTHBAEHHR H ONpeseIse€rcs H3 BblDdXEHHH

I, = ZEd/A. 2.9)

CymmapHoe najeHHe Hanopa Ha ydacTke Tpy6orpoBoia AMHHOH [
AH=AH_ +AH == Ak (1+ 1)=S, (I-+1,) V2 (2.10)

Beauwunna Sy (! + [)) = S HaspBaetcs CONpoOTHB/IeHHeM TPyGONpPOBOAA. Co-
NPOTHBJEHHE YHC/IEHHO PABHO NOTepe Hanopa B TpySorpoBoAe NPH Pacxojie BO/bI

1 M3/,

2.3, OBOPYAOBAHHE ABOHEHTCKHX TENJONOTPEBJAIOUIHX YCTAHOBOK

2.3.1. CHCTEMbI OTONJIEHKH#

CHcTeMbl OTOTNJEHHA MHABX 31aHHH PACCUHTHBAWTCA OGBIYHO HA MNOTEPH Hanopa
Ahg = 0,6-=1,6 M. PacieTHbie PaCXOAB BOJH, ONpefeaseMbie TCIIOBOH HAIPY3KOMH CHCTEMbI
OTOTICHM S W PACYETHHM TepenafoM TeMnepatyp B He# (o6eiuro 95—70 °C, B nocaetee Bpe-
ma 105—-70 °C), naxogatcs B npefenax J’)oz 0,5 = 20 m¥/u. 31y ganHble oNpeNesioOT CO-
NPOTHBJACHHE MCCTEBLIX CHCTeM OTomleHus, S, = Ahy/ V3 B unrepsane 0,0015—6,5 M-u?/mb,
TlockoAbKY TeMTepaTyphl BOAE B TeNJOBON CeTH, K&K NPABHJO, BHIle TPeGyeMbX JIA CHC-
TeM OTOIJICHHA, Nocae HHe oBLYHO NPHCOCAHHAIOTCH K TeMJIODOH CeTH Yepe3 CMeCHTeNbHbe
yCTPOHCTBA, ofecneynBanolline onpeleaeH bl KOSQPHLUHEHT NOAMEUIHBAHHA ofpaTso# poan
nocae CHCTEMBI OTONJIEHHS K BOJe, MOCTYNAWUeA B MECTHYI0 CHCTEMY OTOINICHHR H3 Tell-
J0BOH ceTH.

CMecHTeabHbE YCTPOHCTBA CO3AAIOT TaKKe Hanop, HeoOXOAUMBH A5 IHPKYJAALHH B
CHCTEMe OTONJEHHA PAcyeTHOro pacxoja Boas., B xavecTBe cMecHTe/NbHBIX YCTPOHCTB Ha-
HOOJIbILICe PACHpPOCTPAHEHHE NOJAYYRAH BojocTpyfinbe 3jepatopn. [IpuMeHsioTca TakkKe

HesTpobeHEle HACOCH.
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23,2, BOAOCYPY¥HHLIE HACOCBI-ATEBATOPH

(XeMa YCTAHOBKW KOIOCTPYHHOTO S/1€BaTOPA NpelncTaBiedd na pue. 2.4,
rliﬂpaﬁ.ﬂli‘{i‘ﬂﬂﬂﬂ XApaKTepHCTHKA BO;IOC'I'pyJ'-'I}IOI‘O HACOUd ONPEenseres YpabietH
em 58]

EI-L gt !}—,'l'—lﬁq.z . (Qq.,--- —'-)ILLEI—HL—(’Z--— rp,”,!{'[.ii[l LaPte 12.110)
Ay, fa . ¢35/ Fug vp 3 Up

rae Ahp — NADOR, COINEBACMUIA BOLUCTPY RIBIM HACOCOM, PARIEIE NOTEHE HATIORA B MECT-
noit cueteme: Ak, — panop, TCPRCMLIA B conae STERATOPA fy, [o - CCUCHKA COMAA R Ké-
Mepb! CMCIUICHHN, [y = fg fm'- Uy, Ty Ty — YAGNBHEE ofheMhl patoOuCH, HHXKEKTHPVE-
MOH H CHRETOR CpLA; o woadduitHenT cCMeDIeHHA, DARKBIA OTHOIICHHIO PACXOIOB MIAKCK-
THPYCMOR 1 pROoUer cpeal ). Ta. Pu. 0y — KOIDDHLHEHTE CROPOCTH patoY€ro Convd, Ka-
Mepul cMunenus, addpysopd, sxoauoe.

IO YyHAQTKY KdMCPL CMCIUCHHA, VHHTLE! - . "BI[[[H_
BAIGIOHG (OTCPH & 1penHe o cooT
DETCTBYIULLY  %ICMENTAX  NPpOTOYNOH
HHCTH, : T
last HecHEHMACMeR WHIKOCTHR B I
YUAUBKH A PACoTL BOROCTPYHHOTO HA- _
coce vy, & i, OfrRUKo NPHHE- . fps 1'3
MACMBC  ARVenHs ¢ COCTARANIOT: “n ol WL m
(g == 0,45, i 0875 WPs = 0,9 _'D—**——“- i - S — .
¢, - 0,925, ) Vo={ 142} Vp
ITpu 5106 YPABHCHHS XADAKTCPH- ah
¥ Sk =4k
CTUKH NPRIUMACT BUA P it ﬁ T
; HESTR ]
jh 3 1’ ] | = J" H]] !
s 07
; 4
M A f: Pie. 2.4, CXEMU PCTinonsl BOA0CTEYAIOIO e

ST I .I_ . HETFOE (e MU M, i Armgn i
o |7 Lql ! rr)-|. (2. 12 I

q

Vi ypasnonys sapaTCpHCTHRK OTONKTeNLN0H CHCTEME HMerM:
Foy 4 . i Buy
Alte  Aho- Sa V3 Sl =m)? ‘)5' i2 )

T lf",_ - pacxng COTCROI BOJK ReDER COIA0 BOTOCTRY ITHOND 1RICOCAH] Vo o= pacxol somd B
MOCTIOH CHUTEMe OTOTRICTTH;

Vi TR el w208k
W V' 3p \fy, - CROPOUTL HCTOUORIH W3 COILTA
Al S (15 I 200,

Hoacrapans M, n ypasncine XapakKTepHCTHKR BOLOCTPVHROrS Wicava (2, 12)0 oy ta.

s I . f - I i
Sy o = | L7500 i —Land IR g ), 2. 14)
0y .hu .r:! 2 {I ! )= | Fages, fn ]

Ha srara shipadkesus sHAHO, 170 KOMMPUTUICHT cMe Ulenssi ROROCTPYITIIONG HACOCH ARA-
CHT AR OT TEOMOYPHUCCKHN PASMEDOR BOJOCTRYIHOTO HACOCA [4, [y, W CONPOTHRICTA
OTONKTEALUOR CHeTEMM 5, B HE 2ARKCHT OT NOTEPH HaNOPa & conae Ak,

Taknm afipazom, UpH Bcex PeXuMax paGoThl BHelWHeRd coTh Ko3HhauncH i cMeIlCHKS
ROAQCTPYRBOIO HACOCA COXPANRRTCH HEMIMENHBEIM.

HloTepa vanopa » congde 3AeRATONA B NECHTEH PA3 NPEBRILIACT NOTOPIO HAMCDE B v TOMH-
TeNLHOH CHCTCMC, ﬂoaromy CCHOBHRIM CONPOTHE/ASHHEM MECTHOH CHCTCME! #BJA0TRA  COnpo-
THRACHHE COMIA 3ACBATOPE, KOTOPOE, RCXOAA H3 YPABHUHH K. Ofnpefeaammero Vi pu go-
sihpunmente cxopocT conaa (¢, — 0,45 coctapaner
AR 1 706 1
_._r' =z = % Frei P e . [2 !-1 [
1’5 ngl_;l 33 Y da:

-

2.4.3. HACODLL

Ha ]“p}'”nﬁ'ﬁ.bll TEAJOARIYX TNACTAHNUAX ABRYHO }’CTHTI.FIH.'IHHHHFH‘H IJL,‘iII|‘Ilif)(‘A\'HhIB -
cockl. Onu HCDE‘)."H-SYI:‘JTF_R B KANGCCTRE MOJKAUHRAKINLHK X ﬂp!-l HP(Iﬁxn}LHMOCT'II NORLHHeNNT Ha -
BRopa HO,’I.&EO[I[Pﬂ HIH CHEXOHWA Hanopa B ﬁlﬁPATnﬁﬁ JdUHAR, B KAUNCCTHE (0P nait iy §

el



Hy ML P =5 e
'33 S===et 2l
oo :
60 SEEss "0@\.&,;?: :
50 =SS T SN ===
4q 7= ‘?‘9000 \\ 00% '#f_
30 / N N £
L2045, ~O~ o o >4,
7= Tan N %, 2O s . (1]
L %ap > S\ W T oI
%y ™ (I F A PN N !
£0 T / 2 ™ o%& w2 NS
P ¥ M, N, e
I~ i % ) NN RS avd
"'/h":?&;“‘ /I\"?y‘%?;\ %( 00}; \fd‘}:ﬁ 1
™ - [/ \"n_ - e
r-:.zf":a,», < ! % ]
10
g T
4 e ;o
‘s 6759w 20 30 49 50 60 &0 100 200 Vy,m3/4

Puc. 2.5. Tlone xapakrepuctuk V—II nacocos tuna K:
WITPHXOBAR JIMHWA — rpanuua noas ;18 cpeideit o0ToYkH paGouero Kojeca

B CAYHac, eCIH TeMIepaTYpPHBIA TpaPrK KBaPTAJLHON CETH OTAHYAETCN OT TEMNEPATYPHOTro
rpaduKa BReWIHCH CeTH, HJN NP PeadH3allHH CHCTEMBl ABTOMATHYECKOTO peryJaHposa-
ITHA OTNYCKd TENJIOTH Ha OTOTNEHHE; B Ka4eCTBE CeTeBOr0 A5 KBapTaJbHOMN CETH OTOMNJe-
JIHA BPH He3aBHCHMOM TIPHCOCAHHEHMH CHCTEM OTONJeHHS. B cucTeMax ropsiero BojaocHat-
HEHHSI OHH HCTIONB3YIOTCS B KAYCCTBE NTOIKAUYMBAIOIKX H IHPKYJIAUHOHHbIX.

Jnsi Beex yKaszanubix lejeit o6uiyHo HCNMOAL3YIoTeA Hacocs THNA K, pernamedTHpoBau-
Hote TOCT 22247-76 «Hacocn menTpobeknbe KOHCOMbRbEeE 06Uero Ha3HaYeHH s ATS BObi».
Hacocul npearasnaven 415 nepexkauyHBaHHs BOIH ¢ Temnepatypoili go 85 °C. Ilo coraaco-
BALHIO C 38BOJOM-H3TOTOBHTE/EM OltH MOTYT GBITh H3rOTOBJEHB! NJI# NePeKAYHBAHHA KHIAKO-
credi ¢ Temneparypoii go 105 °C. Jasaenue Ha BXojie B Hacoc— He Goaee 0,2 MTTa (2 Kre/om?),
OcHoBHble TapaMeTPhbl 3THX HACOCOB npusesersl B taba. 2.6. [Mosre xapaxkrtepuctHk Vi —
Hy wacocos tuna K noxasano ma puc, 2.5. _

Hacocwi emewennsa nonaror wacTe BOAM H3 06paTHON JHHHH TeNAOBOH CETH B MOAAI0-
WY ¥ ofecneiuBaloT TeM cambiM  TpeGyeMblit TEMIEPATYPHBIH PeXHM BO BHYTPHKBap-
TaAbHOI COTH HJH M4 TENJOBOR NOACTANUNH 3natng. OHM MOLYT YCTAHABAHBATBCA HA FPYN-
NMOBOH TeMMOBOH MOACTAHUHH W OCYWLECTBJATL CMEIIEHHE CPa3y AIA BCefl BHYTPHKBApTA-
AbHOH ceth. Ilpn 3T0M B 3aBHCHMOCTH GT TeMOepaTypHOIo rpadska, TPHASATOTO AAdA
BHYTPHKBAPTANbHON CETH, HA TeMJOBBIX NOACTAHUMAX MOTYT YCTAHABJAHBATBCH BOJO-
CTPpyHHbBIE 37€BATOPLI, OCYLIECTBJIRIOUWIHE AONOANHTENABHOE CMELUeHHE (puc. 2.6, a). Ine-
BATOPbl MOIYT OTCYTCTBOBATD, €C/IM BC BHYTPHKBAPTAAbHON CETH NPRHRT TeMiepaTypHLIN
rpapuk, H3 KOTOPHIL PACCHHTANBL CHCTEMbl OTONJIEHHS 3xannit (puc. 2.6, 0).

Hacoch cmelenns yCeTaHaBAHBAIOTCA H HENOCPEACTBEHHO HA TENJTOBBX HYHKT2X BMeC-
rO BOAOCTPYHNLIX  3/1eB2TOPOB (pHe. 2.6, #) uaM B gonoaHenue k uum (pue. 2.6, 2). Cnegyet
OTMETHTb, 4TG s NpeloTBpaenns IWymMa H BHOPalHH B 3AGHASAX AOMYCKACTCA YCTAHABIN-
BaATh TOJALKO CHCLHA/EHBIR GECLU}’MHHE‘ HACOCH!.

Puc. 2.6. CxeMbl YCT2HOBKHM HACOCOB CMELLEHHS:

@ -- Ha _CPYHUOBOH TCIAOBOR JOACTAHUKH NPH HAAHYHY 3ICBATOPOR HA MECTHRX  TCNAOBLX  NoacTan-
UHHEX: 6 — TO me 6ed AONOAHHTeNbHOTO CMeeHHs I3 TeMaoBLIX NOACTAHUMAX, & — Ha mecTHoll Tenao-
BOH NOACTAHUKK, & — Ha TerioBoll HGACTAHUHE HA BCACHIBAIOUICH JHHMH 3ACRATONG
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B uocaciiee spevs IMPOHIBCACTICHHBIM LOBLCARHCHHCeM MoaaasruapoMawr (r. Kminp-
HeRr) OocBOUH CeDHIIEHEH RRITYCK MaNOWiyMHbIX UECHTPOOCHHE DIX BOAAHX WUHPKYARUAQIILIX
wacocos wma LT Hacock NpeAndsHedeb 420 00LCeye T UMPRYISIHHE  TEMIOHOCKTeas
nOCHOTEMAX OTONJCTIHRS, 4 TAKMKE A% UPRMCUCHHA L CHCTEMAX ropdaiero PRolocHaGKeHHd,
[locKoubKY NPHAMCHSHKAC HACOCOB THIY 1IBII toabko jfﬂlIHIIaE'TCﬂ, OCTAHOBAMCH Ha HuX MOR-
pofinec. Yerpoitetro Hacoca noxasako ud puc, 2.7, Konerpykuas npeacrapaser cofoft kow-
OppALRID CI,‘.I,I'-T!'}("T}'1’1&‘!1—1’“3'[‘0]'0 Hacowd ¢ pa.ﬁman&num PE’lﬁUlll'IM KOMecoM B «MOKDPOIos KOpOTKEG=
AAMKIVTOFO  ACHHXPORHOIO ABMraTeas ©  RAMUITEHHHIM  CTATOPOM,  BBINOJ HEHHBIX &

eamnoy GA0Ke.

Tabawune 26 OCHOBHBIE TEXMHUCCKHC Xdpaktepuerkun nacocop thna Kow KM

" §,= % : é :' Xap aungg::‘cﬂnm
E 3 | 231 2 ¥ | ny- wi—s, Vi
Fan Haeoea - 2 22a| o5 E %
E" = |25, B2 P g
Rl oS |zaR st 2| ¥ g0l .
K&/ 158¢1.5K-8/19; 1 SK-6) 8| 0.8 | 5l [23.5| 0,03463
KM8/18010KM-K8/19, 1 EKM-6) & | 15 0,66 | 48 | 18,9 | 0,03307
8} i2 0.66 ¢ 47 i3,3 0,02712
S s P 1
K20/18 (2K-20/18; 2K-9) 20 18 1.45 | 67 [ 22,5 0,01408
KM207 18 (2KM 20/18; 2KM-9) 20| 14 | 4 1.2 | 64 |18 0,01160
' 20 | 10 0.9 | 60 |14 0,01026
— . 1 — ‘ o
K200 (2K-20/30; 2K-6) 20 30 2,65 83 36 0,025
KM20/30 (2KM-20/30; 2KM .6 o0 | 25 2} 65 | 30 0,01156
20 | 19 1,6 | 64 | 24 0,01264
K43/30(3K-45/30, 3K-9) 36 | 30 8.4 | 7 36 0,0025
KM45/30(3KM 45/30; 3KM-9) 45 (19,5 3.4 70 | 26 0,00342
4 5 12900 - |
K45/55 (3K-6) 45| 55 10,51 B4 |65 0,00313
KM45/53 (3BKM-6) _ 45 | 40 8 61 149.3| ©,00496
KO0/ 20{4K90/20; 4K-18) 90 | 20 55| 7 29,5 | 0.00102
KMGO/20 (4 KM-90/20; 4KM-18) 1M 461 75 |24 | 000124
KO0/35(41K-12) % | 35 11 T |4 0,90078
KMG0/35(4KM-12) 90 | 27 39 73 1 40,6 0,00166
8.5 oaea
K9Q:5514K-8) 90 | 55 18,5 73 |65 0, 0025
KMO0:55 (4KM-8) 50 | 33 15,8 87 | 60 0,00212
KGO/R5 (4K -6) 90 | 83 33 65 | 109 (},00266
80 | 75 29 R4 | BB 7, 000863
K 160720 (6K -12) 160 ] 20 10,8 81 [ 29.6 | 0,00009
KAMI60/20(68KM-12) 160 | 14,6 9 75 | 22,7 | 0,00034
K- 160,30 {6K-8) e | 20 18 78 | 42.6 | 0.0003G
' 160 | 27 16,5 7t | 38,3 0,00045
160 .ao_ 4.5 |1450] 13 ﬁs. 30.5 1 0.0004i
K290/ 18 (8K-185) 200 | 18 165 84 |24 0,660079
200 | 14 14,5 79 | i8.4 | 0,000079
K200/30 (8K-12) 290 | 30 24 82 | 48 0,00025
290 | 21,5 22 76| 82 0,00013

K ocaolinas YR ofioara et 1o CTapUﬁ MAPKHPOBKT,
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Puc. 2.7. Koderpykuus racoca tuna [{BIL

O6Morka cratopa [ 3MeKTPOABHTATENN OTAedeHa OT TeNACHOCHTES TOHKOCTEeH 0T
FHIL30N 2 M3 HeMars#THoro Metania. KopoTkesaMKryTe#l potop J Bpamaercs 8 MOALIHAI-
HHKaX CKOARKEHHS HEMOCDEACTBEHHO B JlepexaunsaeMoli cpefe, XOTopas CHAYKHT CMa3KOH
449 noaKNHKKOB, Pabovee Koseco 4 yCTAHOBIEHO KOHCOADBHO Ha BaAY ICKTPOABHIaTEd.
lNepexayupacmbll TeNAONOCHTEIb TOCTYlaeT Hepes BCachiBaiow il naTpybok 5 x paGoueMy
KoJecy W MOAaeTes KOJecoM B CNUPaJsHEIR OTBOL M HarHeTaTelbHBIH naTpyGok 6. Beacw-
BNt W HaTHeTATCALHLWE NaTpyOKH pnoAHerE coocito, Tloakaiesne Hacoca X 5AeKTpo-

- & . . --—-—E — - ]
r o r
Dy e il s e
o
N | B

Puc. 2.8. Hunneawnoe (@) n daanienoe (6) wernoanesns Hacocos tna 11BIL
24
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Pacxol Sodsr Vy,m3/u

Puc. 2.9, Xapartepaeraky racocon Tiza LIBLL

IITPHXORAN JHHHE -— 10 DOPMYJIe

Taba. 2.7

(2.1y npw A2 u Sn. ykasaBHbIX

B

COTH M €F0 A3eMNeHHe TROUABAANTCSE Yeped ero ROpobry 3aduMoB 7. Hacacw uMewoT -
nexhnoe (puc. 2.8, a) w nannenoe {(puc. 2, 8, #) ucnonuenus.

Mepras wndpa B ofonateniik Kacoca yKa3wBaeT HOMUNANBHLIE pacxed, M%u, propas
Ill-ltbpa ~— HATNOP NPH HOMWHRAJBHOM pPACXOe, M. Xapaampac'nmu HACOCUE HADHEETEHR Ha
prc. 2.9, oCHOBHBIE TEXHHYECKRE JJaNKEue — B 7a6a. 2.7 raSapuliuce, yCTaHOBOYHBIE | npa-
COeNHHMTENLHAE pasMeNl — # Tafm. 2.8. Hacoc moxer paloTaTs Npu tennepaType axpy-
wamie#t cpeast oT 5 o + 40 °C w oTHOCHTeNRNOM BAAMKNOCTH He Gonece 80 % mpu 20 (.

TabGawuuwa 2.7, TexnmuetkAc XapaKTEPHCTHKN Hacocos Tama 1IBLL

Mapka wacoca

INapaserp
LBlez.5-2 | LIB114-2,8 ] 11B115.2-3,5 u3u10-4.?|11Bulﬁ-ﬁ.T LIBIL26.49,2
H?wma:rman nopavgt, 2,0 4 8,3 10 16 26
Mifa
-HoMmuxansuuf Hamop?, 2 2,8 a8 4,7 6,7 9,2
M BOJ. <T.
Temneparypa  nepemenna- Mo 70
cMoi cpeas, “C
MaKCHnu.'lbuue CTaATHyE- 1,0 “0)
CKQC  MavJeHHE Cpedwl,
Mfla (krc/ca?), he Gonee
Mownoeir  2mexTpoamr-
raTeast, KB1.
HOMHIAJALHAH n,04 0,04 0,12 0,25 0,55 |
noTpeGaseman 0,11 0,18 0,21 0,43 0.85 1,8
KNa, % 14 20 25 36 41 45
CHEXDOHHASE YactoTy Bpa- 3000
WIeHARA, 00/MEN
JAEKTpueckan cers:
Hanpaxerne, B.
DAROGAEHOA ceTH 220 220 220 - — —
TpexpazHof ceTH 380 380 380 280 380 380)
HacToTa, Fu 50
Yposeun wvma, 2B, we 45 45 45 45 50 50
BLILLI
Mapamerps  xapakrepn-
CTRYEH:
e . 2,80 3,80 4,32 6.0 8,14 H
Sy, M-I 1-10°% [4,4.30%21  2.10-* [1,25.107%5,8¢.10~% 3.10-4

' HOMAHAAbHBIMH HaZRMAITUS UANAMCT|II4, OPH KOTOPHIX OG8cIEGHDEETCR padota Hacotd ¢ Mk

cumaneiaig KT,

! OTRnoEcHNe =+15%,

T ug



Ta6auuna 2.8 OcHOBHbIE PAIMEPBl HACOCOB THNA LLBIL

Vcnonnbmﬁ _ . :?

oxXon T - p £ 3]

—— Htl:::{:ﬂe- :vgixxnonnagigg Paamepw (puc. 2.8), mym :E %L:
Hacoca (puc. 2.8) ¥ Eg gg‘é
i |aonm| A | 5 | 5| r | n | #& |CER&

[

[IBL12,5-2 a o= i 281 952 136 | 203 | 35 8 210
[1B114-2,8 a — 1%, | 305 ) 285 1531 232 35 10 258
11B116,3-3,5 a — 1% | 360 | 287 1731 231 35 12 300
1IBLLI0-4,7 a - 13 360 301 173 238 35 17 310
LIBLLI6-6,7 0 50 — 402 379 196 209 —_— 32 326
[IBLI25-9,2 6 65 e 457 | 395t 226 | 3221 — 44 367

Hacoc¢ ycTanaBawpaercs HeNOCpeACTBEHHO Ha tpyBonposone. HezasucHMO OT PacmosIoie-
HHS TPVGONPOBOAA OCh BPAUlEHHA SJCKTPOABHraTes Hacoca nosskHa OpiTh 00sizaTelib-
#0 ropusonTanbHoOl. MaccoBoe coaepiKaHHe MEXaliH'uCCKHX npuMeccit B TIepexatirBaeMoM
renaonocHTene Aonyckaercst Ao 0,01 % c pasMepoM yacTall 10 0,05 mm.

PaccMOTpUM THAPABJIHYECKYIO XapaKTCPHCTHKY TEIIOBOH [IOACTAHUHAN C Ha-
CcOCAMH CMELIeHHs Ha pHMepe CXeMbl, MPEACTAB/IEHHO! Ha PHC. 2.6, 6.
['uapaBIHYECKHH  PEeXHM BHYTPHKBAPTAIbHOH

" —| ceTd MpH paGoTe Hacoca CMeLIeHHs ONpPCAe/sAETCs:

| —~— \4," ‘ TOYKO# NepeceyeHns XapaKkTepACTHK Hacoca H BHYT-

\— 20— < | puKBapTaJabHOH CETH (puc. 2.10).

l Hanop Hacoca, NpHBEIEHHBIT K TOUKaM IMpH-

- a4, /55( COeMHeHHs HAcoca K BHYTPHKBAPTAIbHON CETH,

'. ; d

| - H,= HO.—S» V2, (2.16)
el

v, 0 2wy rtae Si = Sy + IS; ES — cymma CONpPOTHBJICHH
3 TpyBONPOBOAOB H 32JBHMKEK, COCIUHAKMIHX HAcOC
Puc. 2.10. TuapasinnyecKui PYRONPREGA 1 ’}Bc f CRMBAIONL A
peAiM  BHYTPHKBAPTATHHON C BHYTPUKBapTaALHOH CETbIO.
ceTd npH paboTe Hacoca CMe- O603nauuM: Sy — CONPOTHBJICHHE BHYTPHKBAP-
WeHHS TaJpHON oronuTenbHOll ceru; Vi — pacXod BOAbI
BO BHYTPHKBapTa/bHOI CeTH; Vo — Pacxoi BOABI H3
pHemneil cern. Hanop B Touke mepeceders XapaKTePHCTHK Hacoca H BHYTPH-
KBapTayibiiOH CETH COCTABHT

H=Ho_SwV2=S,Vi=8, (Vo+ V2 =S, VE(I+ w),  (217)

re ty = VulVe — KOS(XDHLIKEHT CMeIUeHHs] Hacoca.

s (2.17) |
HolVE—SiPuy =8, (1+uy =S, (1 + 2ty U)-
Orciofa, 0003HAUHB So = Sy, no.f]quﬂ
So + ST
5 = T Hy
Uyg = - Sn e o—_sn 2 (SO : S;:p) V2 . (218)

Kax sujiao us (2.18), npH HACOCHOM CMeUIeHHH H OTCYTCTBHH KaKoro-nubo
pery.aupoBanus KOpGHUIHEHT CMELEeHUS &, 3aBUCHT OT pacXxojd cereBoil BOIbI Ha
cHeTeMy OTOIlIenHst V. STHM HACOCHOE CMELeHne OT/HYaeTcs OT 3J1eBATOPHOIO,
IpH KOTOPOM, KaKk CJEIyeT H3 MpPHBEAEHHBIX BbIIIE ypaBHenuii, KO3(pHUHEHT
CMCIIEHNS He 3aBHCHT OT PACXOJ4 CETEBOH BOJHI.
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Ha puc. 2.11 npeicTaBIeHo CONOCTARIEHHE PACYETHOH 3ABHCHMOCTH ko3~
LHeHTa CMOIelIHA & OT pacxoaa cetesoft Bomu Ve no dopmy.e (2.18) ¢ pesyibTa-
TaMH HCNBITARME . MCNBITAa s TPOBOAMAMCE Ha TPYNIOBO#H TENVIOBOH NONCTAHLEH,
r/ie GBI YCTalIOBJeH cMecHTe bERH Hacoc Thna K-160420 (6 K-12). JIas 3Toro Ha-
coca HS = 252 m; S, = 2-10—* m-u*/v*. Boja nocne CMECHTeNhHOTO Hacoca
nocTyrnata BO BHYTPHKBAPTAJIbHYIO CeTh, K ROTUPOH OaH HCIIOCPEACTBEHHO (3
BOJIOCTPYHHBIX 3JCBATOPOB NPHCOE(HHEHBI CHCTEMB! OTOMIEHHA AGMOB NO CXEME
puc. 2.6, 6. OnpeieserEoe MO Pe3YIbTATAM H3MEPEHHH CONPOTHBACKHE BHYTPH-
KBAPTAILEOR cetH S, == 2,05.10 1t m-u?/m’,

G VoY T
o

& P o

C

o Joq oo o
* \;\“0\ ...—-—-o .-—-g-"—g-ﬁ-
o Olg © o &
o
2017

7 40 i) 68 Vo mfy 20 4 5 80 VM

Prc, 2.11. PesvibTaThl Heubvallidi nacoca CMEINICHWH HA rPYNTOBAN
TCRACROH NOACTARNMH:

@ = 33BHCHMOCTS KounbuiuerTs cMelleHHA OT DACX0Aa BoIb M3 BHEWHEH
¢catyH; £ — 3asHCUMOCTD paciola BOAM BO BHY TPEEHI P LU RIOR  CBIn 03 pac:
XOTa Nl s HHellHel ceTH

Kak Buano ua pHc. 2.11, pacueTras sasueuMocTh ¢ ot V. GaHaka K pesy.snTa-
Tam uenbrranmil. Tlpy usmenennw pacxgfa ceteBofi soabt ¥V, ot 70 o 40 m*/u?
KOOMDHIUKEHT CMEILICHHA H3MEHAJCH CoOTBeTeTBenHo ot 3 0 6. Pacxon Bogw
BO BHYTPHKBAPTAJBHOH CeTH

M

Vo=V +Va= Vel +u) =V | 1=S,+y/ S5--S,+ -
o=V o T (Sa-SI7) V2

{(2.19)
[Mp# OCTAHOBKE HACOCA CMENIEHHS

_{Sn =T 00]‘ Vn — Vn-

[Ipy npexpalleHus UMpKyJsiwd Bo  Diemmrefr  cems  V, — ¢, Vi—
= V HY(S, | SP).

PaccMOTPHM M3MEHEHKE [ACX0Ja BO BIYTDHKBADTANBHON CEeTH UDH H3MEeHe-
HAM pacXoda BOALI H3 BHeWHell ceT V. u OTCyICTRHM [CTYIHPOBAHHS HACOCE
cMemeHus (S == conist).

Ha puc. 2.11, 6 npeacTaBreno conoCTARTEHHE Peay nLTaTon pacyera no ¢op-
mydie (2.19) ¢ pesy.sbTaravu uenuitankl, IIpE HIMEHEHHIN PACX0IA CETEROIR RO/
or 40 a0 70 M*/4 pacxol BOAb BO BHYTPHKBAPTAILEOH CCTH NPaKTHYECKH 1€ H3-
meHuacs {V,, = 260280 v3/u),

Ha puec. 2.12 npeacTanieHbl COCTRETCTEYHNNE 3ABHCHMOCTH, PacCyHTaHIibe
ana Tpex TTIT, napamerphi KOTopsix yYKa3albi 112 pHcynke. X apakTepruCTaxy Ha-
COCOR TIPUHATHL No Taba. 2.6. ConpoTHBIEERY BRYTPUKRAPTANLHOH CETH anDele-

ér



AW

120

160 ¥, M4

Pue. 2,12 I'mapapaudeckHe XapakTepheTH-
ki [TI npi paBoTe macocos cMmemreHHs

No ®puBoR

[Tapamerp
: O 3
Tun Hacoea Kao/ K90/35 | K20/30
(4K-12) | (4K-12) | (3K-6a)
Pacyernufi  pac- 180 120 86,4
X0l CeTEBROH BO-
abl, M3y
PacueTtHas nore- 35 30 25
pA  HamOpa 80
BHYTPHKEAPTAAb-
HOW CceTH, M
ConpaTHBIeHHE 10,8 | 20,6X 33.,4%
BHYTPHKBAPTAIL: X10-¢ X 10—+ xX10-¢
HOH ceTH, M-ulfm®

Hacoc cumelleRHs He peryaupyercs; A — pacuct-
HBIl Pacxol BOAbLl Ha DHCWLHeR cerd

JeHbl 0 YKasaHHLIM Ha puc. 2.10 pacueTHbiM pacxonam u norepsM manopa, oil-
pejesIeHHLIM 110 NPCeKTHLIM dauubiM as1s1 I'TIT 1,2,3 cootBererBenno 35, 30 u 25 m.

Kak BigHo uz puc. 2.12, uameHenue pacxona BOALI H3 BHeLIHeHd TenJoBoi
CeTH B IUHPOKHKX Ipesenax ouenb MaJo OTpakaeTcd Ha pacXoje BOABI BO BHYTPH-
KBapraibHol ceTH. Tax, aas ['TIT I cumxenue pacxona BoIbl H3 BHelUHeil ceTH

Tabanua 2.9. OCHOBHBIE NAHHLIC CEKUHOHHLIX BOLO-BOASHBIX

MNapaserp

OGoanavene NOROrpEBATCan

HOAOIPLBA TeAN P 04 } 06 08 | 10 \
Auaverp wkopryca 57/60 76/69 89/82 114/106 168/156
Ly Dy, vnfass
Huaverp  tpyOok 16/14 16/14 16/14 16/14 16/14
dy'da, MM/MM
Yiicao  rpybok B 4 7 12 9 37
O1HOH CeKLLMH #, 17T,
Ular Tpy6ox 8. mMm 21 21 21 21 21
[loBepxmocrs uarpe- 0,75 1,31 2,24 3,54 6,90
B4 OAHOH CexuuH F.
w?
Ilacutaan  cevenns 0,62.10-3 1,08.10-3 1.85.10-3 2,93.10-2 5,70-10-3
TPYOOK, frp, M?
Maowase cevenus 1,16.10-2 2,33. 103 287-10-3 5,00-10-2 12,20-10-3
MEKTPYGHOTO  NPOCT-
PAHCTBA. [rr, M2
Otaourente naona- 1,87 2,13 1,65 1,7 2,14
AH  AHBOTO  CCYEHHS
MEXTpYyOHOrO  MpocT-
paHeTBa K IMIGHLAAH
KHUBOTO CEYCHHS BHYT-
PH TPYOOK [mr/frp
IKBHBAACHTHBIH 0,013 0,0164 0.0134 0,0155 0,0207
AUAMETP MEHT)YOHOTO
npocTpancrsa d,, oM
Conporusserye tpy- | 106,4-10-3 | 351.10~2 11,9-10-3 48.10-3 1,26. 103
OUK. Sep, M-u?fm®
ConpoTtuuien e 63,1.10-2 15,63.10-3 10,3-10-3 3,4-10-3 0,67.10-3
MeNXTPYOHOro  MpocT-
pancTBa Sur, M u?/ué
Macea, K
UARON CeKUIH 45,2 61,6 80,4 1140 207,0
vieabHast Ha | m? 60,3 47,0 35,8 32,2 30,0
CroumocTe, pyo:
CILIOH CeXIHH 34 45 64 950 165
1 w2 45,3 34,3 28,6 954 23,9
* Bogo-poasadble nogorpesatead o OQCT-34-588-68 pBuinyckalotTca 23pofoM  CanTexoGoPyaoBaHHA,
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ot 180 10 40 M¥/4, T. €. B 4,5 pasa, NPHBOAHT K CHHKEHHIO PACX0La BOIRI BO BHYT-

prkRapTanprOft cern or 190 10 165
ITpusenenkbie POPMYJibt H
MIEHHS B YCROBHAX CXeM, H30

TIpuMer semue B 860NCHTCKEX
WENHs COXMROMNHNE BOJO-BOAAHKE T

2.34. CEKUWHOHHHE 3OL0-RONANKE NOJOTPESATRAH

BRIBOAK C

STHM TMOROTPERATEARM DpHBeAeHH » Tadx. 2.9.

Mposegedtbie BTH HeTHTARKA CEKUWORHHX

200, 2¢

BPOCTPANCTBAX CIHOR CeKIHA
07C] CASAYIOMMME QopMy e, NeACTENTE

M*/y, T. . Beero Ba 12 %.
npaBeATHsH H NP padeTe HACOCOB CMe-
Gpamenknix Ha pac. 2.8, an s,

ALHHMN AMY BGEX THIOB MO0

pyOxkn, Bu

pesatened [49]:

YCTAKOBKEX 8 QCHOBHOM B CHCTEMAX [OPAUEro B0A0CHAD-
QXOTPERSTENR CTAHAAPTHIOBAHE, OCHOBHEIS JAHHbIC (D

nogorpenateded Awamerpanu 100, 150,
® 300 MM N0K23a/%, 170 NOTEPM KEMOPA, M, B TRYOHOM Aly ¥ MeXTPYCHOM Adt o
ATHHOA 4 M, BETIOUES W NEpEXOARME NIT

AHCH-

Ay =008} (2.20a)
Ahyy=—1, 12}, {2.208)
[l€ Wy @ Gyr — CKOPOETH BUAW B TPYOKAX B MeXTPYOHOM NMPOCTRRHCTSE, N/c,
noporpesarench (amaa 4 m) no OCT-34-588-68
no OCT-34-5RY-6R '
1 12 \ 14 | 6 , I8 20 22
2197207 2737259 325/309 377/359 426/408 530/
16/14 16/14 16/14 16/14 16/14 i6/14
64 109 151 216 283 450
— 22 22 - — _~
12,0 20,3 28,0 40,1 52,5 83,4
9.85.102 16,79-10-% | 23,25.10-8 33.26-10~3 .43,66-10-7 §3,27-10-?
90,79.10-% | 30,77.10-% | 44,64-10°3 57,81.10-2 71,91-10-8 115,44 103
211 1,86 1,84 1,79 1,65 1,66
0,0215 0,0196 0,0208 0,0193 0,0186
0.42-10- 0,14-10-3 0,07-10-3 0,04:10-% 0.02-10-
0,196.10-32 0.00-10-° 0,04-10-% 0,02.10-# 0,.01.10-*
3220 487,0 6630 01,0 1138,0 1561,0
26,8 24,0 23,7 22,5 217 18,7
285 420 570 80} 1138 1561
23,7 20,7 204 22,3 217 18,7
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OTCIONA COMPOTHBACHHA TPYGHOTO H MEKTPYGHOTO NPOCTpaHCTSA fOAOrpenaTeae,

M u2/m8,
fin 0,53
e C "}— ; (2.21a)
2 £2 3600¢
5 Aty q i1
Sar = o,
T ovr, T fE,-86000 (2.216)

rae Vi, Vg oy fyr — OGBLEMEBIC pacXOisl BOAB, M%'4, H cederMs COOTBETCTBEHHD TPV-
GOK ¥ MEKTPYGHOro npocTpancisd, M%  Onpejietessvle No 3THM  (POPMVIAAM 3HAYCHUS
Sy w Syy Tipneezenn 5 1a6a. 2.9, lns MHOTOCCKUMOHHOTO rogorpepateast S «= Sz, rae
2 -~ YHCA0 1OCAeJOBATEADHO BK/IIOYEHHBIX CEKUMIl.

2.3.5. NIMACTHHYATAHIE TENJTOOBMEHHHKH

B nocaeinee BpeMa B CHCTCMaX TENNIOCHAGNKEHHA HAYAIH [PAMCHATHCS TEMAOOGMEH-
AHKH HOBOTO THIIA, CYWECTBEHHO OTAHUAIOUMECHA OT PACCMOTPEINbiX B NPCALAYILEM NMYHKTe
¥ TIOBCCMECTUC TIPHMEHSICMBIX KOKYXOTDYOUATLIX Teldc0OMCHHEKOB. 2T0 IMIacTHHYATLIC
TEMA00OMEHHNKH, NPHNHACMLE B XHMHYCCKON M NHICBOH GTPACaAX NPOMBIILIEIHOCTH .
Cepuiinoe POH3BOACTBO NAACTHHYATHIX TelO0OMeHHnKkos no [OCT 15518-78 |66] OpraHu-
3opano Ha IlasiorpanckoM saboie XHMHUCCKOIo MawdnoctTpoenns. [oaoskol opradnsa

Pue. 2.13. Buewnuii sux naac-
THHYATOrO TEMIOOOMEHHHKA

Pyuc. 2.14. Buewsnit nrua npaac-
TaEw 0,5 M? (casoenuas)

UHEH ~— paspaBoTuyHKOM 5THX ANITADATOR — SIBAHETCS: MKDHUUXUMMAI, KOTOPHM pa3pabo-
TAHLl OCHOBBI  KOHCTPYHPOBANHSA M pacueta MJaCTHHYATHIX  TeI006McHHEKOB [3,42].
[TnacTHHYaThle TenJ00OMEHHKKH NOAYUHAH UIMPOKOE PACAPOCTPaHCHHe 34 pyGemom {386].
Hanb6ouiee napecriias QupPMa—npoK3BOAHTEAL 3THX TCNI00OMEHHHKOB -— Aabda — Jlapaiw
(IBenns).

[TocKONBKY NpEMEHEEHC MJAACTHHYATHX TeMJADOOMEeHHWKOB B CHCTEMaX TefiocHalxKe-
HHA TOJbXO MAaYHHACTCHA, OCTAHOBHMCH Ha HHX Goace noapobro. [laacTHuuyaruie Tenso-
OOMEHHHUKH (pHc. 2.13) npeactap/saoT coboit anpaparhl, 10BEPXHOCTL TeN1000MeHa KOTOPHIX
obpa3oBana TOHKHMH IUTAaMINOBAHHBIMUE TeNJOepelalOHIHMHE NJACTHHAMKU ¢ ToppupopanHod
nosepxnoctbio (puc, 2,14). TennooOMeHHHKH BBINYCKAWTCR B TpeXx Moaubrukauusx: pasbop-
Hble, NOAYpa3bophibie (CO CABOCHHBLIMH MAACTHHAMH) M CBapHBIE. Y pasbopHBIX Tenaoolmen-
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HHKOB NISCTHEM Pa3ieiClbl PCIHHOBBIMA UPUKJIIKAMU; ¥ TORYPAAGOPHHX OHF CRADEHK
MONEpHY (CABOCILY) H XOCTYH K NOBEPXHOCTH 1CMIOOOMPEHA BOIMOMCH TOJhKO €O CTOPORK
NOMA 04HOR A3 Pabuyax CPed, ¥ CBAPHBIX CUEAMUCHMS DCeX JLIACTHH CRADKHE.

VIONOTHHTCALELG NPUKAEIKA WY CilCUHAJLION TePMOCTOHXOR Pe3RHbI 3aKperieln b
nasy 1o konrypy maacTan. ITiacrnus yorunapAuBaoTes Ha pasy TeriooSMeRHHKA, KOTu-
pas COCTOMT U3 UCCYUINX WIrakl, HelioABIKHOR M HKPMHON KAUT ¢ 32AMAMHEM YeTPOHCT-
poM, HamuMnaa a0MTa » DAacTrep Ha cKoGax NOADETIeHK K BepXWell WTaHre M MoTyT
nepememtaried no e, Ha uanrax mmerres wrybepa Adst TpReogMEe A TpyGonpoBoaos.
Cpyuna naacTii, 06pa3yioumyx CHCTEMY Kanados, B KoTofiktX pabouad cpela ABHKETCH B
QAHUM HaTpabJdCliy, COCTARMAICT MaKeT. MousTie cnakeTs B ITACTHIYATOM TENACHTMUHITHKL
COUTHETCIBYET NoNATHIO €X0I» B KOKYXOTPYHROM Temaon0MCHHHKE, OmuH 51MH HUCKOILKO
LHKCTOB, COKATRIN WXV HeMoasM¥HON ¥ HamnMirofl mautamu, obpasywor cexkiuio. Tlaac.
YHIILL PACNGAAraT B MAKeTe OLHA GTHOCHTEdbHO APYrol nox yruom 1807, npusies nee pe-
IUNODEE TPORAIAEN 0BPATCHEN B CTOPORY HAXKKMHRON Nautei. B Kaxaol mracrane no yraam
AMCIOTCS TeTHDe OTBePCTHA N4 npoxoad patounX cped. [Tpomessy roukbie H Kolileable naac-
THHLI MOLYT MMETh 01110, ABd HJAH TPH OTHEPCTUR, KOIHYECTBO KOTOULIX UNPUACINID b COOT-
BOTOTBHE CO CXEMOR KOMIOHOBKHM TAACTHH B remaoobumerduke. [Ipk oupeacicunvit Kxomno-
HOBXE NAACTHHYATRHY paaﬁopﬂmx TeNAQGOMEHHHEKOR MOWHO NOMYSHTE OUTHMOALLIIGe KOJTH -
YOOTBO XAHAJOB B MAKCTC M NAKETOR 8 CeKUMH 244 Kasgod palusch cpean, Komno-
HUBKY TFOTODOTO TelI000MeHHEKA MOXKHN HAMEHATH B COOTBETCTINM € KUUKPCTNIEM pacxo-
AOM KaxJoH paBouelt cpeaw, MOMYcTHMOH NOTepel HANOPE M SaAanHbLIM ICTIOBLIM PeXdH-
MoM. TeM CAMHM XAPAKTERHCTHKY TEMIO0OMEHHHKE MOKHO NPHOAUIN TS K ONTHMATRHOR ATR
pC’-‘J.ﬂhITBIK Y(‘..ﬂﬁBHﬁ SEKCNAVATALIRN.

[axGonee WIMpOKO NPEMEHSEMBIMH H NEPCHEKTHBHBIM N JJ(A ACNOAL3002IHI B CHCTEM2X
TeniocHaAfKeHnA WRAVKTCA pa3lopHble TenaoODMEHHMKH © NJACTHIAMH HOBEDXHOCTLED
0,3 w 0,6 M%, 3 TaxmKe co caBOCHIBIMH naacTHaamn 0,0 m® TexnHuyeckas XapakTepHciHKa
3THX NJIACTHH MNPHBEICHA HHKE!

Texnuwecrkon XAPUKTEPLCTURE MAULTUN

Tun naactvesE . . . . . . . . . 0.3 0,6 0,53
['afapuTHmie pasMeps (AAHHA X WHpH-

Ha X rondldya), MM . . . . . . 137030031 137600 T 1400XE70X 1
TloBepxsoeTs Tensiculmena, M? . . . 0.3 0,6 0.0
Macea, Xt . . - - . o e - ... 3.2 5.8 5,0
DKBHBAJEHTHBE AHAMETP KaHaud, M . 0.008 0,008 0,00
nﬂumﬁﬂb HUHQPB‘IHUL'O ceyCiing Kalaaa,

M e o § gom % om owm oW o=t ® W 0,0011 0,00£45 0,00285
CMAYUBACMEIA HCPHMOTD B [ONEPETHOM

CENEHHM KHHAId, M . . . - . - . . 0,55 1,188 1,27

Winppua kanana, Mm . . - - . . . 250 545 570
3asop Anx npoxopa paGotelt  cpew B
6]

KATANE, MM . . . - o« o e e e e % 45
Mpreegeduag AAMHA KAuaNa, M . . . 1,12 1.010 0.8
I170MmAajE WONEPEAHOrD  CEYeHHA  KoJ-

AeKTOPA  (YyTA0BOe OTBEPCTHE HAa aCTH-

ey, w2 . . L L. . 0.0045 00,0243 0,0283
Haufoablul AMaAMETP YUOJAOBHUIO Tpo

X013 MPHCORANRAGMOTO WITYHEPR, MM . 65 200 200
Kaaddrowent o8LIETO THAPABAHMCCKOID

CONpoTHRAEHNs £ . . . . . . . . . 19,3 15 15

—TeF - T ReE RS

Kospdunuent ryapasadgeckoro  conpo-
oy wiyuepa Ewm. . - - . - . . 1.5 1.5 1.5

TexXHHUECKAR XADAKTEPHCTHKE PasCopHLIX TemAcOOMeHFHKOR, COOHPAEMbIX Ha OCHODE
naacTHi, Npueetena B rabn, 2. 10.

Mo cpapHennit ¢ KOKYXOTPYOUATHMA DUaCTHIYATHIE TORANOOMeHHHKH AMCIOT DAL IIpe-
HMYIIecTR: KOMNAKTHOCTH, OTCYTCTBHL HICPCTEHER TEMJIGHOCHTEACH, AETKOCTL PUIVCPKH H
OURCTKR. 3a cueT TYPOVIHIHPYIOLHX ZICMEHTOR Ha TENJONePe,/ L2 0IAeH HUBCPXUQCTH A0CTH-
raeTes RHCOKME KOo3bOHUHeHT tenmonepenanu. 3a cuer Bubopa coutBeiCruyomeil KoMne-
HORKH (HCAA TLTACTHH, YHEAd X0 0D} MOTYT GHTh oBecledeH bl NPRMEPHU UAHILAKODHE CROPO-
CTH W COOTBETCTBERHO KOAPBQUIHCHTH TeNIGotiaun 0G0HX renaonocnrenciic. [Jpu  rwfiope
TEMACOGMCHEHKA B OCHUBY ¢TO PacyeTa NoA0Ker NPHHUMI (WIHOI0 WCNOTE20BAHAA  BCETO
PACNOAAraeMoro Hauopa 06oRX TERMOHOCH TR 1A MOAYUSHHH MAKCHMAALHOW CXOPOCTH
TeMIOHOCHTENEN, 4 COUTBLICTRCHUO B KOMDORLUHASHTA TeNNOIEpe1aYH. ITOTepﬂ Hamapa AH,
M, B MAACTHHYATOM TEILA0OOMCNIBKe onpeAeasercd no Gopmyae [3,42]

ml?(

x- 104, (2.22)
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Ta6auma 2.10. Texnuueckas xapakTEPHCTHKA H OCHOBHBIE
NAPAMETPH NAACTHHYATEIX TENJ00OGMEHHBIX annaparos

Tun naacranw 0.3 0,6 0.5
Tun znnapara Pas6opHuit Pas6ophurit [TonypasGopHulit
{Co cABOEHHRIMHE
NAAcTHHAMH)
Pacxou TENJOHOCHTES 50 200 200
{ite hoace), M3y
HoMmiHaasHasg nJoliianhb

HOBEPXHOCTH  TenacodMella
annapara, v?% H HCOOJHEeHHE!

Ha Konco.mwHO# pame Ot 3 ao 10 Ot 10 a0 25 —
Ha amyxonmopuoit pame O1 125 po 20 Or 31,5 go 160 Ot 31,5 10 140
Ha tpexonopHoit pame — Ot 200 mo 300 Ot 160 ao 320
C NPOMEXNKYTOYHON  TJH- '
TOH
Pacyetroe aasaedne, MIla 1(10) 1(10) 1,6(16); 2,5(25)
{krc/em?) '

rae § — kospuuHenT obUlero raipaBaHYeCKOrO COIPOTHBJEHHS, 3HaYeRHA KOTOPOrD yKa-
3aHbl Bbllie; Lpy — NDPHBEAEHHAS JAAMHEA NJIaCTHHBI (cM. TEXHHYECKYI0 XapaXTepwc-
THKY); d, — 3KBHBANIEHTHBI JAMaMeTp KaHala; @ — CKOPOCTh TeNJIOHOCHTenst, M/c;
X - UHCAC XONOB TENMAOHOCHTE]A B annapare,

Beanunna Re onpepenfetcs 1npu  d,, TaK¥Xe NPHBEJEHHOM B TeXHHWYECKOH
XAPARTEPUCTHKE TJIACTHH.

Ecap ckopoctb Boabl Wiy B WTYlUepax annaparta npesbiiaer 2,5 M/C, JOJKHH AOTOJ-
HHTSbHO YUHTHBaTLCS MOTePH Hanopa B wrtylepax AHyr, M, no dopmyae

2

w.
AHpe=tms —— 10~4, (2.23)
Y

rae Egp — XO3MGUUKEHT MeCTHOro TIHIAPABAHYECKOTO CONPOTHBJAENHS OJAHOrO WTylepa;
3HAUCHHA Sy YK834HB B TeXHHWYECKOH XapaKTepHCTHKe.

GopayJbl TpHMEHHMB PH 3HaYeHHSX Re = (5=300)- 10%, Kosbhduusnentsl B hopmyae
AAA ONPEACaeHHS & IaHb AN5 PASMEPOB MEXMJIACTHHHEOTO KaHaJaa NPH MaKCHMAJbHOM C¥a-
THH Pe3HHOBBIX NMPOKJIAJOK.

Yo panspiM  YKpPHHHXHMMAIl TOYHOCTb onpefefeHHst OOLIEro I'H/ApasJHYecKOro co-
npotusieHns annaparta +14 %.

[To upnseseHruM GopmMynaM MOXeT OuiTh OnpejeleHO CONPOTHBJIEHHE 1MACTHHIATOrO
TenAo0OMCHREHKA!

S =(AH +2AHuwy)/ V2. (2.24)

2.4, PErYJIHPYIOLULHE KJIATIAHBI

B TenfoBeIX ¢eTAX UACTO YCTAHABJAMBAIOTCH PeryJasiTOPH ZaBJeHHS, O0bIUHO HA HACOC-
HbIX NOJCTAUIHAX, 8 B AG0HEHTCKHX TeNJONoTpeGasIOIHX YCTAHOBKAX — PeryasaTopH pac-
xoja, Temnepatyphl, JaBJAeHHA, Mepenaja AaBAeHKIt.

ConpoTHBJACHHe PErVIHPYIOHIHX KJ2MAHOB HIMEHAETCH OT GeCKOHEYHOCTH IIPH NUJHOM
34KPBITHH Kdanaka M OTCYTCTBHH TMPOTEUKH Yepe3 HEro R0 ONpejeseHHOr0 MHHHMAJAbHOIO

anauenus Sp"" MpH NOJEOCTHI0 OTKPHITOM KAaNaHe,

B cucreMax rtemaocnaGikeHHd Hapr(oJblliee PacnpPOCTPAHEHHE NMOAYYHJIH DerjlaMeH-
ruposanieie TOCT 11881-76 peryastopsi, paGoraloiine 6e3 HCNOJAB30BAHHA MOCTUPOHHEH
gmeprin, B ITHX peryastopax ANA NCPECTZHOBKH PETYJAHPYIOULETO Oprala HCIOJAb3YeTcs
IHEPrud peryaupyeMoil Wiu peryanpymomeil cpeawl. PeryaupyeMmoil cpefoil nassiBaercs
cpexd, MOCTOSIHCTBO MapaMeTpoB KOTOpolt noplep)upaer peryisrop. Peryaupyiomas cpe-
Aa—cpeja, ¢ MOMOILBIO KOTOPOR NMOAAEPKHBAETCA TOCTOAHCTBO NaPAMETPOB PeryAHPYCMOH
cpeiul, Peryaupyioillue KJanaHbl XapaKTepH3YIOTCH YCJAOBHOH nfonycl(ﬂoﬁ COCOBHOCTRIO
Ky, npepcraBasiiomedt cofoi pacxoa BoAb MI0THOCTEK 1000 Kr/mM® uepes noAHOCTBIO OTKPEI-
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ol peryABpYIOMEE OPrad Npe nepenaae nasqenuft va wem 0,1 MITa (I xkre/em®). Coraacro
PTM [0K711.02-T9 maccoBmii pacxoa Boasl G, Kr/u, qepes peryJapylomylo apMarypy
vnpeaenacTcd No GopmMyae

G— 101K, VApp, (2. Za)
rae Ap - voteps napnewud » xaanmaxe, Mlla; p — naoTHocTE epeaw, kr/m?,
Q6LeMuHil pacxor, ¥/,
V101K, VErTp . (2.256)

Mo k3peeTiioMy 2navernio Ky MOWeT (THTh OAPEEJICHO MUHEMANRHOR COTPOTHBICHHE
pery.1upyIouero kaanana, M-n/mé,

w10
S e (2.26)

K
Nas wapoko PACTPOCTDAHEHHIAX R CROTEMAX TETTOCHAMKEeRAHA PervAupYOUHuX Kia-
nasop THna PK-l xoretpyknun Comarexswepro anavucune iy, M%/v, ywoxer Gurb npubag-
KCHHU GRPEASNEHO MO amMnupuveckoit hopmvie
Koy {dy/10)%, (2.27)

rie dy — Amamerp yLaoBUOre Lpoxona kxanana, M. CONpoTHBACHHC 3IMX KABUAHOSB,
P ERTE AN
] ]Oﬁ

MHH ¢
s 7 (2.98)

Jlag peryaupyioumx kaananos  Teinocery Mocsaepro tina PP snavenus SE™,
M-y¥/m cocramaswor: qna PP-40, PP-R), PP-80 w PP-100 cootrerctrerna (,0525, 0,019,
0,0038 u 0,0016, XapakTepHCTHRH DECYAHDYIONIAYX Kianannp BapuayAhcKeTo KoTeabHOTO
gasosa corsacka CTpouTeabHoMy Kataaory sCawrtexatopyponawne.  “acth [0, ITpuGapm
¥ dBTOMATHTECKHE VCTPOHCTBAR NTPUBeIeHBl WHNe!

Tun wkaanana . . . . . fHe-7-] Go-7-2 fe-7-3 6e-7-4 He-3-2  Ge-6-4
Yeiognoe Aanaelte,

Kefem? .. . . - . 25 25 25 25 i6 95

Veaopuslét anamMuerp  d,

ME . i @ w % & s S0 100 106} 150 150 250

Ky, M3 e 54.5 213 151 423 317 725

SMM aewtiMt L, 34,3-1074 2,16.1074 4,38.107¢ 0,56-107¢ 1104 0,19-10-4

Coriacio TOMY e KaTadol'y XaPaKTePHCTHRE PelYAHPYIOWAX KAdUGHOE C 2UCKTPHYC-
CKEM HCUOMHHTCALALIM MUXAHHIMOM THHOa 204931HK HE yeauvsHue KasacHne 1,0 MIla
(18 krefem?®) ausoaa «Kpacuwi IMpobuyrepur (r.lyco-Xpycransusi) npeicrapiens nyxe.

e M. & oo v s 15 20 23 40 50 80
KpoM¥%u . . . ... .. 4 6,5 (0,0 25,0 40,0 00,0
S;"H, v-q3'n? - (,RZ5 0,24 0,1 (.06 (0 ,625. 1072 - *

Faaoa rperovyn

THAPABINMTHUECKHE PE)XKXMMbl ABOHEHTCKHX YCTAHOBOK

3.1. NbESOMETPHYECKHE T'PAPHKH

IMox THAPABIHTECKEM PEIKHMOM TeNAohH KAIHORNOHK CHCTeMbl NOHHMARTSST B33KMOCES3E
MEXTY DACKGAAMH K IABJISHMAME BOAH BO BCeX TONKAX CHCTEMH B JAHHWH MOMEHT BPeMeHI.
[Mpu pacemaTpupaemMiax B yacTosaniell pafioTe CTANMOHAPHEY POXUMAX 3TH NaPAMETPH #B-
JAAIOTCH HEHAMEHHBIMH RO RPEMOFH.

I'napasaAtecKuit pemHM onpefeasercsi XapaKTepHCTHKAME OCHOBHHX 3JEMEHTOR, 06-
padymuAx TemnopHRAUEonHYI0 cicTeMy. TaKHMH 3MeMEHTAMH SIBAMIOTCS HACOCHo-ToAo-
rpeBaTeNhHAS YCTAHOBKA H TPYSONPOBOIH HCTOVHHKA TeNAocHAGKEEMSN, TeMA0RAA CeTh C
HACOCHNMH K JPOCCeNhHEIMM CTAHOMAMH, PACTIONOMEHHHMH 1A Tpacce, afOMeHTCKHe Temn-
AonoTPeSAANHe YCTAHOBKH, JTH JIeMEHTHl MOWHO PA3Je/HTh HA aKTHBHBE (HACOCH), B KO-
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TOPHIX AlaBJeHHe BOJbI TNIOBBIUIAETCA 3a CUET 110ABOJ1a MeXalHHYECKOH 3HePrHu H3BHe, H nac-
CHBHbIe (BCe OCTAaJNIbHLIE 3JIeMEHTRI), B KOTOPLIX LaBJeHue BO/Ibl CHUIKASTCH H3-32 NMOoTephb Ha
TPpCcHHeE.

Ilpu akanu3e THAPABNHYECKHX PEKKMOB CHCTEM TCIJOCHAGKEHHA HAPAAY € AaBJAeHHEM
NMPpUMEHACTCH H ApYyras ellHRH1A FHAPABJAHUYLCKOYOD NMOTEHIIHANA ~— HATIOP. HHHOP BhIpAKAET-
cA B AMHERAHBIX eAMHANAX (OOBYHO MeTpax) cToaba KHUAKOCTH, npoTexatomeil no TpyGonpo-
BONY .

Hanop H, M, r RasiaeHre p cBA3aHbI CACAYIOUWENR 3aBHCHMOCTHIO!

H=p/pa, (3.1)

rae p — zaeaenne, Ila (H/M2); p — naoTHocTs, KI/MY; g = 9,8 M/c2,

Ha puc. 3.1 npeacras/ieda NPUHIHNKANLIASN CXeMa CETH, a TaKKe H306PaKeH NpUMep-
HbIH The30MEeTPHYECKHI TPadHK ¢ OCHOBHLIMKH 0003HadeHMHAMK, Ha nbezomeTpuyeckoM rpa-
$puke B Macwtale HaHeCeHH pesibef) MECTHOCTH, BbICOTHl OTONHTEJNbHBIX CHCTEM NPHCOE[H-

M 1!{ d’nf
0ot g’;i

aof g 2
A Puc. 3.1. TIpHMepHBIH TIb€3OMETPHYE-

5ot 2 ckHil rpadHK (a) ¥ NPHHUHNKAIbHAN
4, ¥ RS e— e [ Ty . cxema  Tennopukaumonuo#t  cucTeMs!

pd | 2 o ] yood (6):
d ' @ - Ay -~ HANOP, co3xaBACMLIR HACOCOM;
&n,, Bna, Ba.x — notepe sanopa B 1 u I
CTYNeHAX NOAGIPeBa M B JIHKOBOM  Teénan-
DHKaUKOHHOM KOTJe; Ac -- pacmonaraembiii
Hanop B CeTH Ha BhBOgax cTanumn; 6 —
moTepH uWallopa B ceTH; A — pacnoJsaraeMmbift
Hanop B UPOMIBOJALHON ToOUKe <cerH: Aab —
pacnonaracMLlii  HANOR Y [POHIBOJNBHOMO
aGonenra; Ho — noansll  (OTCUMTHHHLIA  OT
0IHOTO VPOBHA) Ranop; #H - rbeloMmeypHe-
CKMA {(OTCHMTaRNbIH OT OTMOTKH  (IQBEPXHO
CTH #eMAM) Hanop B CeTH HAH y aloHeHTa:
G — 1 wonndrovimit gacoe, /f - cetesoit Ha-
cac: F}I — 1 cryneus noiaerpesa  ceTepoit
pojiut: [V -- 11 ¢crynens noporpepa; V — mu-
KoBuift Tenandukendonunit  woren; VI
ABVKTPYOGHAR  TenauBay CCTb; [—4 — afo-
HOHTCKMe TeRJAonoTpeGaAommue  yYCTAHOBKH

HeHHLIX 3A0HHI, 3HAUEHHA NOJHOTO f, K Mbe3oMeTpHUecKoro f Hanopos BO BCeX TOYKAX CH-
cTembl. BMecTe co cxeMoil, Ha KOTOPOH YKAa3aHBl pacxo/bl BOJbI, Mbe30METPHUYECKHH rpaux
TIONHOCTLIO OTpelesseT THAPABJIHYECKHIT DeKHM TEJIOBOH ceTs.

Jdas pacuera ¥ auaau3a PHAPABAKYECKHX PEKHMOB TENJOBBIX CeTell CyMecTBEHHOEe
3HaueHHe MMEIOT He TOJIbKO PacCMOTPEHHBIE BO BTODOH raase THIpdBiHYecKHe XapaKTepHce-
THKH OTACABHBIX 3JMeMeHTOB o6opyjoBanus aBolielTCKHX TenaonoTpebisiomux yCTaHOBOK,
HO H THIpaBJaH4YCCKaA XapaKTepHCTHKA TenJaoBoi NOJACTAHUHHK B IIEJIOM. Sra XapaxTepHCTHKA
ONpeNeAeTcs KAK XapaKTePHCTHKAaMH OTAEAbHBIX 3J4€MEHTOB, TAK H CXEMONi HX COCAHHEHHSA,
YCTAHOBJAEHHBIMH ABTOPETYAATOPAMH, HX HacTpolikoli M T. A

Hioke paceMaTpHBaIOTCS THAPABIMYECKHE XAPAKTEPHCTHKH W THA PABJARHECKHE PEAKHMB
TeNJIOBOTr0 NMYHKT2 B LEJOM NMPH Pa3JHUlbiX cXeMaX NMPHCOEJAHHEHHA yCTAHOBOK OTOMJICHKH
H ropsivero BOAOCHAOMKEeHHS H YCTAHOBJEHHBIX aBTOpPeryJasaTopax.

3.2. VCTAHOBKH C NMAPAJIJIENIBHOR W ABYXCTYNEHYATOH
CMEIHAHHO# CXEMAMHU BKJIIOYEHHUA NOAOrPEBATENEN
FTOPAYEIC BOLAOCHABXEHHSA

[Ipn napanaenbHO!H M CMelIaHHOH CXeMaX CHCTeMa OTONJeHHs M NOAOrpena-
Telh ropsdero BogocHabkenus [B cmemnannoil cxeme (puc. 3.2) TOJBKO BTOpas
cTynens] BKJKOUeHH nmapasenabHo. [logorpesatenb ropsidero BOAOCHAOXKEHHs,
KaK npaBHJo, OCHalleH peryastopom Temneparypsl (PT). Conporusaenne PT as-
TOMATHUECKY H3MeHseTcsl TAKHM 06pa3oM, uToOBI pacXojl CETeBOM BOJAbI Uepes 1o-
JOTpeBaTeNb FOPAYEro BoAOCHalKeHH st Vi 00eciieuu) Harpes BOAOTIPOBOAHOM BO-
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Puc. 3.2, CxeMm TeOn0BLX NOLCTAHUKA CO CMEWIAKHOH CXeMOli RKRIIENHMS ToJorpeBaTetef
rOPAYLIO BUAUCAA0KERHA

Abl, NOCTYNAOMIER B MECTHYK) CHCTEMY FOPHYErG BOJOCHaOKeHHs!, 0 Tpefyemon
remneparypsl (6o 60 “C) mpy Beex narpyakax ropsuerc BOAOGCHAGKEHHS H
TEMIIEPATYPAX CETEBOH DOMKI.

4.2.1. YCTAHOBKHA C PET¥JHPRYEMEIM PACXOAOM BORI HA CHCTEMBI OTOTJEHHH

B 3THX yCTAHOBKAX Mepej] 3.1eBATOPOM OTONHTEILHON CHCTEMAl YCTAHORIEH pe-
ryaarop pacxona (PP) (puc. 3.2, a), oGecnesusanowit pacyeTduilt pacxon cere-
BOH BO/Ab! H4 CHCTEMY OTOIIENHS1 Vo, TIPH pACTIONAraeMoM Haluope B cery A >
= A VX, CyMMapHRBiil pacXog ¢eTesoH BoAbl, DaBHLIH CyMMe PAcX0OA0B BOAH Ha
oTonJeHue M ropsadee Bopocnabmenme, V = V. ., | V. B 37uX yCa0BHAX He
34BHCHT OT pacnosaraemoro x€anopa B cetd. [lpu A < A™# peryasartop pacxo-
44 nepej OTCIHTeIBLHOH CHCTEMOR OKA3LIBACTCA NOJHOCTHK) OTKPLITHIM, €ro Co-

MHE

npotHBRAeRHe Sy — Sy M pacxol BOALI Yepe3 CHCTEMY OTCGILIEHKH OIpeles-
10TeA CYMMApHBIM COMpoTHBACHHEM S, -+ SYH, tae S, — conpoTnesdene oTomu-

TEIbHON CHCTeMBI (3.7eBaTopa). [1py 3T0M rHIPABIHURCKAN XAPAKTEPHCTHKA BBO-
1a T2Kaa Xe, Kak u 1Mpu orcyterBiy PP nepex cucteMoll oTonIenua.
CHHXEHHE pacTIonaraeMoro Ianopa Ha BBOAEC MOXKET IPUBECTH K TOMY,

uTQ MPH COJLIWIKX PACXGRAX BOAB HA rOpAvee BOJOCHAGKENHE CKAMKETCA NOJHO-

CTOI OTKPLITLIM He Toanko PP, vo u PT (Sy, — Sp't). Pacxoa sozul gepes nojo-

rpeRaTe/Ib OPHYETD BOACCHAOMKENHS NPH 5TOM ONPEJAETHETCH CYyMMADHBIM CO-

MM B

NPOTHRJEHEM Sq+ Sp_-r , Tne 8§, - - CONPOTHRJACHHE NOIOTPeBartes ropaue-
ro pomocHalKEHAR, BKAKIMEHHOIO APANNEIHHO OTOMHTEILHON CHCTeME. JToT
pacxo) BOABlI pPaBeH

. &Mllll

A
- / = (3.2)
SI! | 'SPT

k]

rae A, 0 A¥™ — noTepr HAOPA B OTONHTENLHOH CHCTEME M TIONHOCTHIO OTKPHITOM
perysATope pacxona. :

B cevi ¢ peryagTopaMy pacxoja nepel OTONHTEIbHBMH YCTAHOBKAMU PACXO]
BOLLI PABEH CyMMe PACXQMOR BOAL! HA OTOMMEHHE U TOpAYEC BOZOCH2GKEHHE
Beex afioentop: V = EV, p -+ ZVs. ¥YBeaudexHe pacxofa s01bl Ha ropsuee po-
JOCIAGHKCHHE NPHBOANHT K CHMMKEHHKO pacno/jaraeMLIxX IamopoR B CETH, UTO, Oj-
RakO, GaroAaps peryasarcpaM pacxola He OTPAMKAETCS HA DPACXOAe BONL! B
CHCTeMax oTonyenHd. F.eAM Cerh He PAcCYiTaHa Ha IPONYCK MAKCHMAJAbHOTO
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pacxoza BOAbL HJIM 110 HEH NpOIyCKaercs NONOJHHTEbHEIH TPAH3UTHBIH Pacxox,
TO pacroJiaraeMbie Harophl Y YAaJEHHBIX OT CTAHLHH a0OHEHTOB CHHXKAIOTCS HH-
Ke AMUE peryJIATOPhl pacxona Yy 3THX a60HEHTOB NOJHOCTbIO OTKPLIBAIOTCS H
pacxosibl BOAbI HA OTONJIEHHE CHHAKAIOTCA. [IPH 3TOM CeTb MOMKHO CUHTATh COCTOS -
mel W3 ABYX 30H: OJIHXKHEH ¢ MOCTOAHHBIMH PacXojaMy BOLbI Ha CHCTEMbl OTOM-
aeuus (V ==V, p=const) 1 ylaaesHo# ¢ IOCTOSHHEIMH CONPOTHBJICHHSIMH CHCTEM

oronaeuna (S = S, + Sp'p = const). Ecam npu 3TOM NOJHOCTHIO OTKPITHI
W PEeryJaTopbl TeMNeparyphl, TO JaJbHAA 30HA NPEICTaBJsAET COOOM 4acTh CeTH
¢ MOCTOAHHBLIM COTIPOTHBJEHHeM. [paHHIa MeX1y 30HaMH He siBJIfAeTCHA (PHKCHPO-
BaHHOM. OHa npubaHKaeTcs K CTAHIHH MO Mepe yBeJIHYEHHs] pacXo/ia BOJbI B Ce-
TH M OTJa/19€TCH OT Hee NpH COKpallleHHH pacxola BoAbl. Passinuue ruapaBiHye-
CKMX XapaKTepHCTHK abOHEeHTOB B O0eHX 30HAX CYILECTBEHHO BJHSAET HA METOLbL

pacuera rupaB/jHYECKHX PEKHMOB TAKHX CETEH.

3.2.2. YCTAHOBKH C OFPAHHYEHHEM MAKCHMAJIBHOIO PACXOAA BOABI

B nocsejHee BpeMst B ABTOMAaTH3HPOBAHHBIX YCTAHOBKAX CO CMEUIAHHOH CXe-
MOW TIpej/Jaraercs orpaHHYHBaTL PACX0)l CETeBOH BOJ/IbI HA TEMNJIOBYIO MOACTAHLHIO
3HaueHHeMm VMase  goropoe MOXeT ObiTh 60.blie PACYETHOrO pacXOia BO/Abl Ha
oTonJeHne HJAH paBHO emy (VMake =V, ). Jlasi 3TOr0 NPHMEHSOT OrpasHyu-

teqib PM (puc. 3.2, 6).
Ecan VMake = V, ,, TO Ha BBOAE YCTAHABJHBAIOTCA TOJBKO PT n PM. Pac-

X0J1 BOXBI HA OTOMNJIeHHe V,, 3aBHCHT B 3TOM Cayuae OT pacxofa Bost Vy Ha ropsi-
yee pofocHabxeHune: V, = Vveke — Vo

[locko/ibKYy 3HAYNTEJLHOE CHHXKEHHe pacXoja BOAb V, NpH 3aBHCHMOM
NMPHCOSAMHEHHH CHCTEM OTOTLIEHUS HeRONMYCTHMO, 3Ta cXeMa Tpefyer npHMeHe-
HUSl HACOCHOTO cMellieHus (puc. 3.2, 6), IpH KOTOPOM B CACTeMaX OTOMIeHHA MOA-
AepAKUBAeTCA CTaBHUIbHEI pacxoi BOABI. MakCHMa bHbIH PaCXOA BOABI HA BTOPYIO
CTYMEHb ANPH 3TOM COCTaBAAET

s — 1/ Ay /[ SW + Smm), (3.3)

rae Ag.p — pacnonaraeMbld Hanop B CHCTEME OTONJIEHHS (B HayaJse KBapTa/b-
HOH CeTH OTOIJIeHHs), paBHBI Hanopy Hacoca CMelleHHda, B CJy4ae, KOria
Ve==VYmaxe |/ — )y B CHCTEMY OTOILIEHHS NOCTYIIAeT BOA4 TOJNBKO MOCAE HACOCA
cmenteHusi. Ilpun V. = V*ak¢ o BTOpyIO CTYNEHDL NOJOrpeBate/s ropayuero Bo-
JocHaGKeHHs! MOCTYNAaeT BCS BOAA M3 CeTH, a TaKiKe YacThb BOJbI NOCJ€ Hacoca
cMemenHs, paBHas Vi —— Y™k [Ipy He3aBUCHMOM ITPHCOEJHHEHHH CHCTEM OTOnN-
JIEHHsT, KOTd HACOC CMEMIeHHsl OTCYTCTBYeT, YBeJHYeHHe PAacXOAa CeTEeBOH BOJLI
Ha moJOrpeBaTedb TOPAYero BOAOCHaOMKeHHs MpHBeIeT K TOMY, UTO OrpaHHuM-
Teab pacxoga GyZeT 3akphiBaThCs, YTOOH MOMUIEPKaTh 3aJaHHbIH PAcXOA NpH
YMEHBINAIONeMCs CONPOTHBIEHHH BBONA. ByleT cHuxartbes pacnonaraeMblit Ha-
Nop 10c/1e OrpaHHyUTeAs . KOTOPBIH JOCTHIHET MHHHMAJIbHOIO 3HAYeHHs NPH 1101
noM otkpsituu PT. TIpu 5TOM MakcHMaJaLHLIA PaCcXOZ BOAL Ha NMojorpesateh ro-

pAvero BolocHafxenust Vi'“C ¥ MHHHMAJbHbIA Ha MOZOTPEBaTE]b OTOMIEHHA
Vo' onpeneasTest CJAENYIOUHMH  BhIPAKEH HIMH!

!

V:‘qao(c e [/MERC Vgum .. |/ MaKc . - i (343)
\/ So S
' Sl.'l.l’l
V:uu - |/makc l ' (346)
/ > '
V ¥ 0.11 = IL:H
Su + Spr



TAE ., — CONPOTHRAEHHE OTONHTEALHOTO NOAOrPeBaTeNs ¢ NOABOAALIKME H OT-
BOAAWHNMH TPYOONPOBOLAMI COTCBOM BO/bl MEKIY TOYKEMH BPC3KH Tpyh nosorpe-
BATESTA BTOPOH CTYIIEHHA.

Ecai MakcHManbnbilt pacxoi, Ha KOTOPhiA YO TAHOBAEH OrpailHYHTCAL, NpPeRhl-
HI2CT PACHCTHBIH PACXiyL Ha orondenye (VHake > V3 10 py HATHYHH pery-
agTopa aronaenuda (PO) yseanyelnne pacxoia CeTerodl BoAu 11a NoZOrpeBaTenh
FOpPAYEro BOAOCHAOAKCHNA We HPUREIET K H3MENITHIO PACXO/(@ BOjh HA OTOT.Ie-
wue, noka Ve <Z (Ve — V) Korna sHadewwe Vo mpessoifieT vkajaHHOC,

-

pery1aTop OYAeT OTKPLIT NOJHOCTLIO ¥ PACXO] CeTeBOlt BOILI Ha OTGMAeHHE By1eT
COKpamarsca no mepe poera V. Ipa 3ToM MaKcHMadbHmil pacxoa BOJb! 11a NOL0-
rpeeate.ib [OpAYero Bofocuabmenys Gy \er Hoane onpeielernbX 1o Gopmyiam
(3.3} waw (3.4a) Ha BCJTHUMHY ([/Mexe Vsl

4.2.3, YOTAHOBKH C HEPLIVIHPYLMBIM PACXOJIOM BOMILI HA CHMCIEMB OTONJEHHH

Paccesorpusm 609€C pacnpoctpakerHblfl BApHAIT, KOTAa pery.asTopbl WIH Orpa-
HUSHTEAM PACXOAA HA TENAOBOH NOACTAHIMHA OTCYTeTBYIOT (pic. 3.3). Ilpu pac-
YeTIIOM pexkume (pacxoy BOAB na ropsuee BosocnabKeHHe OTCYTUTBYET} DECTIO-
AAVAEMBIT HANOP KA BBOAE 0003HAYMM A, pacXo/ Ha oTomieHue V.o, 0pH Ha-
AHUHH PACX0AA 1ia ropAYee BoAocHalxeHne V. pacnovaracMuiii RATOP KA BBOJE
A, pacxoa na oronaedve ¥V, CONPOTHBICHHA MOIAGNErD | oOpaTHOrO OTBETB.1C-
Huit 87w 8" atonutespioi cucremm S, . ConpotreaeHne 57 B oMellIaHHON CXeme

g

1 b R7
] ll--‘%—vil- d' L e
! 5 iory. I Y
S SV & v
h l,."1 Vi 34 Ve
35
4 5 4 y
Puc 3.3, [napapauyeckne conpathiie- 4, a al |
HHA S, noTepH Hanopa A, pacxoawm V i i
y aboucoyun ¢ napasacasiclt (4} w t |
CMEWANNOA [} CXCMAMH  BKJIOUCHHS Y i o ]
NOJOTREBATCARE  LOpPHYCrD  RoJecHAl- " . H 4 $
T 4 S “* T
_:u Y [ ] w——
uj 3)

BKTIOYAET CONPOTHBIARHKME NEPROH CTVIEHH uogorperarens: (puc. 3.3). OTHocH-
TEABKKE PACXOUR Ha otonJedue V.V, . ¢, Ha ropauee wogocrabxenne
VilV o, -+ a0 oTHOCHTeALHBI HAlop AAL = o OtHOCHTEILHLIC CONPATHR.TC
HHS '

8 o 5 ; 5 :
\5 a il R S w il ;5 L
S8, |5 R e o

S 1SS 1

Lipu pacuerinov pexuive

A= (8' 1 8, 18V, 0. (3.5)
Hpw pacxaue soiam Ha ropsyee BogocHafxeHne
f_\. T S‘ {I:n s t!r:'g I -S'(I 11% ¥ I ‘"r [Vl‘i _|' Vl".)ﬂ- {d‘ﬁ)

Pazacans ypapnenne (3.6) ua (3.5, ¢ VUETOM IDHIATEIX 0003HAYCHW it Ny~
YHM

S g S S b np g (3.7a)
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%=1 Pue. 3.4, 3aRHCHAMOCTE OTHOCHTEABHLIX PEACXDL0B  BO DI
¢ Hd CHCTEMY OTOILIEHHS (p OT DpACXOIE CeTeBOH BOLB HE
ropsince BOJOCHAOKEHHC /2 TIPH Pa3aHIHLIX OTHOCHTE b-

HbIX CONPOTHRICHHAX OTOMMTCABLHLIX YCTAHOBOK S,

8=
a 50=I 1 \
a5 2,91 ~ OTCHOLA
0.8 N

\ ~
Y. n -8’ E-g”J :
\ |

.
" a7y
2 ‘/ ":l ; _-JJ -3 .—.l —‘f + - h
g'f‘/// V8 .89 45" - 59 d.mat.  (Blla)
Gel=5¥ D10 ypaslenne HOKa3biBaet, B 4ACTHOCTH,
L YTO OTHOCHTEIbHBIA pPacxol BOJLL Ha OTOILIEHHE
He 3aBHCHT OT COHNPOTHBJACHHH KaXKA0I0 U3 OTBET-
¢ g2 0% 408 48 n : B ey A
BJAEHHH B OTAEJABHOCTH, 4 34BHCHT OT HX CYMMbI

1.5 1.8,
Y paBHeHue (3.84) MOKET ObITL 3alHCAHC B BHIE

pin- (18 = b (1B (1= 5 ot (3.86)

3aBHCHMOCTEL OTHOCHTEIBHOMO PACX014 BOLBI HA OTOMIEHHE (f OT OTHOCHTE/h-
HOTO PACXOAa CeTeBoii BOJLI Ha ropadee BOACCHAOXKEHHE /1 NPH PA3JKYHLIX 3HA-
YEeHHSX CONPOTHRAEHHN OTONHTEILHOH CHCTEMbl H PACNOJdaraeéMpiX HalOpOB HA
BBOJE « = | npeicrasiena na puc. 3.4.

Kak Buano u3 puc. 3.4 ¢ yBennueHHeM DACcXOjia CeTEBOH BOJIBI Ra ropsuyee
BOLOCHAGKEHHE N YMEHbIAeTCH PACXOJl BOAB Ha CHCTEMY OTon/eHus (. Hewm
MeHbLUIE OTHOCHTEJ/ILHOEC CO!IPOTHB.-‘]E‘HHE OTONUTEILHON CHCTEMbI SU. T¢M CH/IbHEe
yMeHblnaeTcs ¢ ¢ poctom n. B mpexene npu Sy < 1 ¢ 1 <= const He3aBHCHMO OT
n, upu S, = 0@ = 1 — n.

CyMMapHbiit OTHOCHTE/ILHBIH PACXOA BOAB! HA TEMIOBYIO MOACTAHHIO, PaBHBIA
@ -+ 1, TAKXKe CYIeCTBEHHO 3aBUCHT OT Sq: UeM Mehblie S,, Tem Gosiee cTabu.ib-
HBIM OKAa3biBAETCS CYMMAPHBIH pacxoa Boabl. B npejneae npu So == | cvmmapHBIA
pacxon paged | -+ n, upu S, = 0 cymmapnbii pacxoq y - n = 1, 7. €. On npu
BCEX HArpy3Kax ropsiyero BOJOCHA(KeHHsi paseH pacdeTHOMY PACXOdy BOAB Ha
OTOIIEHHE.

MaKCcHMaAbHOe 3HAYEHHE n, d CJ1ejoBATe/hHO, U MHHHM&/bHOE 3HAYEHHE ¢
OrpaRHueHb! NOJHLM OTKPHITHEM pPervistopa remnepatyphi (Sy .. = Spiv).

[Tpu 3TOM

So Vﬁ = lS:ff;' S“) k= ~ (3.9a}
HJITH
_Sn (P;-:IHH : (Sﬁ;i't:‘i - §[|)niaﬁc- (3.96)
Oterond
4 §Mug E'-E;; .
(Pin)ya I// -_&15?—-“' ' (3.10)
rie
3
SMuH __3,&:{,,_,_ T - Sy
YT L ! o S’ 'Su'i'{‘”
Hs ypasnenns (3.7a) |
S .-S‘")(i 1) S, (-i’—) i » (3.76)
n ; 7] n



Iopcrasaas 3HaHEH e [%'—}m.l.‘ na (3.10), nosyuaem

araue /""-;‘»"i““'l‘g"l:" < N GRRY
(t—3.) ( 1’. l pl?g-z_:"“n“'f' I) (St 8y
Hlpu srom ug (3.10)
y
Ypany = U AP S - . (3.12)

Lo
J

oo | V —3

N

Fuuti-3,)

ot

AHaaud, NPOBEIeHHLI s CeTH ¢ Takumu aboHeHTamu (22|, nokasa.,uro
ONHHAKOBLIE ZHAUEHMS ¢ y BeexX aGOHENTOB. T. €. 1IPONOPLUHOHAIBHAH [ARPETY-
JHPOBKA OTOMHTEJbLHBIX CHCUTEM, NDH KOTOPOH TOJLKC H BO3MOXKLO URHTpasbHOe
peryUpOBAHHE OTNYCKA TEILIOTH, MMEeT MEeCTO THUIb NpH OAHHAKOBBIX Yy BCCX
aboHelTOB 3HAYSHHAX OTHOUHTEABHKIX DACXOANB BOJIBI Ha ropfiuee poaocHabxe-
HRE # 4 OUHHAKODBLIX NOTEPSX 1anopa B OTOMHTEAbHBIX CHUTEMAX NDH PACUETHOM
pexcame (ripu n == U}, Takay ceTb MOMKCT paceMaTpHDATLCs KAK CeTh € ORHHM 3K-
BKBAJCHTHLIM 260HEHTOM H PACCUHTHIBATECH 110 [DHHEABHHBIM Bhitie GOpMy.1aM.

3.3, YCTAHOBKH C ABYXCTYNEHYATOH NOCNRCROBATEJBHOA CXEMOH
BKJKYEHHA NOLOTPEBATEJEH TOPAYETO BOOOCHABXEHHSA

YeraHOBKH © nocaeloBaTeAbHOH cxeMor (pric. 3.5}, kax npapuso, obopyno-
BEZBBl PETYJIATOPAMH TeMIEPATYPH H B OOIBITHHCTBE C1y4aes — PeryJaTOpaMH
pacxopa (pre. 3.5, a). Muoraa npr orcyrerein PP emecto sero ycTaHamjinpa-
eTCR APOCCEIbHAN Wahba, olecneuHBalillas NPONYCK YHEPE3 BTOPYIO CTYNeHb
NOAUIPEBATEIA TOPHYETO BOAOCHAGKEHHS TPeOYeMOro pACXofld CeTeBOH BOAbI
(puc. 3.5, ). 3Ty yCTAHOBKH NO3BOIAIOT NONYHHTE MHIHMAJbHEIR PACUETHBHIA
pacxoj, CeTeBOi BOXEI HA MGKPLITHE 34 4AHHOA HATDY3KH OTOIIEHHA H TOPSYero
pojocHalKeHKA.

3anauefl peryantopd pacxoja (PP) B paccmarprsaeMoii cxeme ABAACTCH nNoa-
gepKaHve HCHIMEHHOTO PacXola CeTeBOM BOIBI HA NOACTAHIIKIO HE TUNBKG (IpH
HAMCIEHHH PACTIOIATAEMOrO HAITOPA BO HHENIHEH CeTH, KO M TTPH HAMCHeHHH pac

P ——
" o (I
sl o _
/g o
- pr TMT
B e oreeer |
H3 nodaw- r

. = PR i i [
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Pue. 3.5, CieMz TOILIUBOA NOACTANUHA €  IBVXCTVOCHUATOH  NOCAEXORATEABHOH  CXCMO
HOAOMPEBATLACH TOPUICTO ROANCHANKEHHNL
@-- € PeryARTOpOM pacxofai ¢ - Oes poryvastiapa PpecXols

39



X0/a ceTeBoil Boab! Ha 11 eTymenb nojlorpeBateis, BHI3BAHHOM paboTO# pery.s-
topa temnepatypsl (PT). [IpH yBennuenuu pacxoja cerepoi Boasl Ha 11 crynenb
yepes PT V1 pacxon uepes PP Vy, | ymenbiiaercs TakuM o6pasom, 4to6sl V, =
= Vp.p + Vpo = const (puc. 3.6, munnst ab’). Tlpu nosnom sakpwrhu PP
Vpp = 01 V, = V.. Pacxon Bofbl Ha BBOJ ONPE/EASCTCS 11PU ITOM TOJIBKO
padoroii PT i He coxpaHsercst Heu3MeHHbIM (HHKA b'c, na puc. 3.6). Ilpu yera-
HoBKe PP npsiMOro AeHcTBHS CYMMAapHBIH DACXOJ CETEeBOH BOJbI NMPH OTKPLITHH
PT e coxpansieTcsi HeH3MeHHbIM, 4 HECKO/IbKO Bospacraer (puc. 3,6, Juuua ab).
COTJIACHO MCCJae0BaHHsAM, NPOBEJeHHbIM saboparopHeii TensiocetH Mocauepro,
npu napanrensuoii padotre PP u PT noanoe 3akpeitie PP umeer MecTo npH 11o-
BLIIIEHHH peryanpyemoro Hanopa #a 6—9 M. Pery.1HpyeMbiM Harnopom siBJIfeTcs

b
Vﬂr”/"‘
x |2/«
VMI.I.H N Vi b!
1 'VHP t,
Ve
/, ij
#
/ |
= 3
) 1 Vi MY 0 04 08  VymYy
Puc. 3.6, XapakTepHCTHKH PETyJAsTOPOB  TCMUCPATypol M pacXoa MPH KX  COBMECTHOM
~ pabore:
Vip=Vpr- pacxois soawm uepes Il etynesn (peryasrop tesmiepatypel); Vo, Vpp-- pacxoawm BoAn Ha

TENJORYKD NOJICTAHILHIO K Yepes PeryaAaTop pacxoid

Puc. 3.7, PeavasTaTsl WcNHTaHUA PETVAATOPOB TEMOEPATYPH H pacxola MpPH HX COBMECT-
ot pabore:

Ao, X NOTEPH HAODA B COILTE 2MeRaTOpa cooTheTersesnn 13; 105 7.0 m

OGHUHO HANOP, TEPHEMBIH B CONJIE 31€BATOPA HIH KBAPTaJbHOH OTONUTENLHOH Ce-
th. TostoMy npu noanom 3akpuithn PP noreps Hanopa B conae sJeBatopa
yBesnupBaerca Ha 6--9 M. YBeJHuyeHHe DACXO/a CeTeBOH BOAbI NPH 5TOM 3aBH-
CHT OT pacyeTHol HOTepH Hanopa B collae saesatopa (npu sakpertom PT):

PacyerHas rorepa Hanopa o Coll-

ae sjaesatopa, M . . - . - - - 10 15 20 30 40 50
Yeeauyende pacxona BoAb  1a
BROL MPH HOAHOM 3aKpbitun PP . 1.27-— 118 1,14 - {,10- 1,07~ [|,06--
1,38 1,27 |,20 1.14 1,11 1,08

Ha puc. 3.7 npejctabienbl ruapaB.inyeckne xapakrepuernku PP u PT npn

X coBMecTHOR paborte.
Mcxous H3 PHBEACHHBIX JAHHBIX, 3aBHCHMOCTb PACXOJA CeTeBOH BOJbI HA

BBOJ OT pacxofa cereBoil BOAbI Ha I crytiekh nonorpesates MOXeT ObiTe NpHO-
JHKEHHO BbipaxeHa CJAeLyioIliHm 06pasom:
Ha vuacrke ab (puc. 3.6)

Vo Vit Vi tg af (3.13a)
Ha yuactke be
Vo uVi. (3.136)
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MakcuManLELI PACXON ceTeBofi BOIb! HA BBOX Vo ', OUEBMANIO, HMECT MECTO

npy MOTHOCTHI oTKphitom T, Korza yepes {1 cTymelb MpoXojuT MakcHManb-
nuift (npenennumit) pacxox cercsoit poant Vi[ . [lps stom motepw sanopa Ha
TeIJIOBOH TMOACTAHIIHE COCTABASET

By Bl (Fopeiag. 8 pyunscyl (3.14)

rae
L'L,:.w.n s &];l_x;ﬂ (;Llp (3.153)
S, =8,-8L,. (3.1506)

MHH

3uauenaa Spv, Sy.r. S, NPHEEIEHL BLILIE, B IVidBe BTOPOK.

M3 3TOr¢ ypaBHEHHS NpeleJbubil pacxoi ceresoil sozet Vif'™ npu sanan-
oM PACIOJATAEMOM HATOPC Ha BBOAC A, i ONPCICTACTCH B 3aBHCHMOCTH (1 TOIO,
HA KAaKOM YYacTke XapakTepHCTHKH (puc. 3.6} Haxomutcs pacxon na spoa. Ha
yuactke «f (PP 3aKpBIT HE NOAHOCTLIO) PACXON HA BBOX ONpEnetnevcs no ypas-
wennio {3.13a). [Npw sTom u3 ypasuenuit (3.14) u (3.13a)

- y:-:m SI tE o 4o L {Vmuu}? Sllg %t— (Suuu_-_ 31 tg? a)[(vlﬂ}lll 3 —f\aﬁ]

yope ...
11 h-lul-t ' S tgﬂ
{3.16)
Ha yyactie b¢ (PP D0JBOCTBIO 3aKpHIT) 18 ypaBHennii (3.14) 1 (3.130)
VPeR — V/nea . I E {bm{ﬂ LS. (3.17)

Jna Toro utobbl BO Beex cayuasx obecnennTh Harpes BOAONPOBOAHON BOALI,
AOCTYHAKNEH B CHCTEMY TOPSUCTO BOACCHAGKCHHA, 0 3aJIaHRON Temneparyphi
peauunHA ViT©, ONPOACAACMaa 43 TCILIOBOPO PAcycTa MPH MAKCHMAALRON Ha-
rpy3ke ropsiuerc BOJAOCHAOWPHHUS H MHHHMAJBHOH TeMmepaType ceTeBoii BOIHI,
BOAKHA OBTh Menbiue HaH pasHa VII™. Makcumanbioe CONMpOTHBIACHHE COMLIA
$1€RATOPZ ONPEICTAETCH NPH 3aJalNIOM PACNOAaraeMoM Hanope Ha TCrJIoBOM
myHKTe H2 ypasHenus (3.14) upn yeiaonun ofecneuess nponycKd 4epes BTopy
CTYNCHL NOJOTPEBaTEst TpeOyeMoro MAaKCHMAJLHOIO DaCXOAa CETEeBOH DOAL

mm (Vmam ]2

"MAKE Aag '
i (3.18)

Crewofia © yyeToMm (2.153) MUEWMATLHBIA AHaMCTP COMAa 3eBaTopa, MM,

.

S

7,05- 100 (v"““)"?
pl 77 V Kpias Smm (me]'z (Vuai-:c]'z

MHH . - {

(3.19)

B paie cHeTem TennocHa0KeHRA 1TPHMEHAKOTCH ABYXCTYNEHUATbIE [10C1e10Bax
Te/IbIIbIe CXEMbI BRIMOUEHHA NOJOrpeBaTeN1el, B KOTOPLIX BMECTO PEry.JATOpoB pac-
XQa ycranasanpaietes mailnl ¢ MOCTOMHHBM cOnpordraesnes (puc. 3.5, ).
Me‘ro.nm{ia pacueTa rHAPABJIHYECKHX XapaKTepHCTHK TAKHX YCTAHOBOXK NpHBeLe-
Ha B [22].

34. ¥YCTAHOBKH C HENMOCPEACTBEHHBIM BOAOPASEOPOM

B yCvAHOBKAX ¢ HENOCPEACTBEHHBIM BOLOPA300DOM BOMA MJSl BYXKA rOpsiae-
ro Boaocnadixennsn OTOHpaercs lenocpecTBeno U3 ceTH (pHe. 3.8). HacrL poaLl
P orfinpaeicn ui NORAKGUEH JUHHH IEPE1 JIEBATOPOM, OCTAJAbRAS 1acTh | — [}

4!



oT6HpaeTcst H3 OBPATHOMN JHHHM NOCJIe CHCTeMBl OTONIeHHs . Peryanposanue Tem-
nepatypsl BoAb! ocyutectBasietess PT, yeraHoB/I€HHBIM HA 0TGOpE BOIBI H3 NOAAI0-
meit AnHEK. JJoasi 0T60pa BOABl W3 Mojarolled THHHH H3Mensercs ot 1 1o O npu
Ce30HHOM NOBHILEHHH TEMITEpaTyphl CETEBOH BOAL. B cHcTeéMax, TAe peryaaTophl
TeMnepaTyphl HE YCTAHOBJIEHb!, BOAA OTOHpaeTCA HJH U3 nojaouLen, HaH H3 00-

es fodopasdopa € BodapasdopoM

Puc. 3.8. Cxema TenacBoil NOACIGHUKM € HENOCPeACTBEHHHM BOAOGpa3-
6opoM W noTepH HANopa B HEM

paTHON JTHHUI B 3aBHCHMOCTH OT TEMIEPATYPh ceTeBo# BozHl. [lepexmoueHHne oCy-
leCTBAETCs BpPYUHYI0. B psije TOPOAOB C OTKPHITOH CHCTEMOH TerociabKeHu s
npumensiercs Bojopasfop M3 NOAalouleH JHUHHH MocJe 3/eBaTopa [73, 31].

3.4.1. YCTAHOBKH C PETVYJIATOPAMH PACXOOA MEPEX CHCTEMAMH OTOTJIEHHA

B cayuae, ecau nepes OTOMHTCILHOM CHCTEMOH YCTaHOB/IEH PP, pacxon cere-
BOH BOALI, MOCTYMAaiollell Ha BBOA M3 M0JAKOWIEH JTHHAH CETH,

V' Vot BV (3.20a)
PACXOA CETeBOM BOMbI, TOCTYNAIOULEH U3 TEN/IOBOrO NYHKTA B o6paTHYO JIHHHIO
CeTH,

V'=Vop—U—-P V. (3.2006)

[Ipu GObLWKX 3HAYEHUSX Vi U MaJbIx B anauenue V" MOXKET CTaTb OTPHUATE/B-
HbiM. DTO O3HAYaeT, YTO PACXOA BOABI HA ropsiyee BoJoCHaGKeHHE U3 obpaTHOH
nuanu GoJblie Pacxoja Ha OTOMJIEHHE H YaCTh BO/kI HA ropsiyee BOAOCHAOKEHHE
nocrynaer H3 06paTHON JIHHHH CeTH. _

Pacxoa BOAb HA ropsiuee BOAOCHA6XKeHHEe IPH 3TOM HE BJAHMSET Ha pacXol BO-
11bl Ha OTOTIEHHE, OZHAKO PACYETHBIN PACXOX BOABI B MOJaioulelt THHHH CETH, 1O
KOTOPOMY JIO/DKEH BbIGHPATbesi IHaMeTp TpYyGONMpOBOAA, OKA3biBaeTCs AOCTATOY-
HO GONBILIKMM: OH PABEH CYMMe PAacyeTHLIX PACXQAOB BOABI HA OTOMLICHNE H MAKCH-
Ma/ZbHBIX PAacXOZOB BOJbI Ha ropsuee BOAOCHACXKeHHE (¢ yuerom KO3(pHLIHEHT4
OHOBPEMEHHOCTH) Y Beex abonenTos. [To 310l MpHYMHE B CHCTEMAX € Helocpea-
CTBEHHBIM BOJAODPA36OPOM peryJsiTopbl pacxoja rnepej CHCTeMOol OTon/IeHNs, Kak
NpaBUJIO, He YCTAHABIUBAKTCH.

3.4.2. YCTAHOBKH BE3 PEIVJISTOPOB PACXOAA

B Takux ycraHoBKax (pHc. 3.8) CyLlecTBEHHbIA HHTEpeC NPEeACTABIACT H3Me-
HEeHHe PaCXOAa BOJpl Uepe3 OTONHTE/NbLHYIO CHCTeMY NpH Ha/IHYHH sonopasbopa,
onpejesnsieMoe B IPHHATHIX 0G03HAYCHHAX KaK @.
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IMepenan aapaeiHii B aGONeNTCKOM NPHCOSIHHEHHH NIPH HaJMH4KH BOIOpasfo-
pa 3anHWeTcH caerywimum ohpazon (oM. pue. 3.8):

A -8 (Vo BY =8, VE4-5" [V, —(1 —B) V, 1 (3.21a)
[Mpu oTeyTeTBHH BOAGpasbopa
Ap=—{8" 48,1 8" (Vo p) (3.216)
Pazpeaus nowienHo ypasHenne (3.20) Ha seipaxkeHde (3.21), noaydnm
AB,~a—8 (@ : fn)* -5, ¢* | §" [@—(1 —B) nl®. (3.22)

~Or1cro0aa
@iz —[pS —(1—B) S'1 +
~VBS — (=P TP T (1 =S tam . (3.23)

YacTHLIE CIVYaH:
Boyepaztop arcyrereyer (n = 0, ¢ = a);
BOIOPa3Gop TOJIbKO U3 nelaioweft suHuE (f — 1)

pin— —§ =V § —§ +am? ; fhi)

sonopasfop Toaske w3 obpatHolt Jnunr (f = 0):

¢/n==8" 4 l-"r 2 S 4ain?; (3.25)

CAHEAKORWH ROAOpaafiop w3 nonawmedl u ofpatHoit aweui (f = 0,5):

9/05n=—(F -F1+V (3 =392 —F +3)+a/0,25n2 ; (3.26)

OTHHAKORBIE CONPOTHBJAERHA OTBeTRAeunf (S == S = §):

e

gin- —S@—1) -V 5@ 125§ = (1—ppl +amr.  (3.20)

Ila ocose MpHBeNeHHLIX (GOPMY/I PACCMOTPHM BAMSAHHE TAKKX (PAKTOPOE,

Kax 71, B, S, o, HA OTHOCHTEILHBIA PACXOL BOAB B OTONHTEIRHON CHCTEME (.
Ha puc. 3.9 npeacrapienul noacuutanite no dopmy.e (3.27) 3xavedus ¢

iIPH DAHHAKOBLIX CONPOTHBACHHAX NOLAIOIETO it COPATHOTO OTBETBIeHH#H: S’ —=

=8 =85 =0,1; 0,3; 0,5 snagenuax n —= 0 — | u 3nagenuax f — 0-:-1.

HPHHHMEUIUL‘b, HTO pE{CIlUJ}'E‘lI‘HEMHFI HATQp B CCTH B TOUKE NDHCOCIHHEHHA
a0oHenTa He naMcHsieTed (o == 1),

Ipaduky, NPeIcTARISHHBe Ha DHC. 3.9, UO3BOAHIOT CleNaTh CReLYIOILHe BEl-
BOJbI:

[. BoaopazGop W3 i0ojawilel MarHeTpann yMeHnliaer DAcxojl ROJM B OTO-
HUTETLHOW CHCTEeMe; BonepaiGop M3 ofpaTHCA MarucTpaid YBEJIHUHBAET ero.
yMEHbm(?HHE PACXOAA HOABI B OTONHTENBHON CHCTEME [pH BO}],DPHSﬁﬂpE H3 nMGA4a-
OLIEH MATHCTPAAH OKA3LIBAETCH NPUMEPHO BIBce DOJbLINM, YeM yBeauueHHe pac-
XONA4 BOZHI B OTDUHTEABHCH CHCTEME TPH TAKOM JKC BOAOpasbope u3 obpaTHOH AH-
HIH,

Pacxos BOjW B OTOMMTEADLHOH CHCTCMC COXPANACTCH NMPAKTHYCCKH HCH3IMCH-
HbIM, KOPJIAa H3 nojawefl Auayy otbupaercsa okoao 40, 4 uz oOpatHoit — 680 %
CYMMAPHOIO pacxojia Bojbl Ha ropaucce BojocHatkenue (B = 0,4).

2. MaMenenue OTHOCHTEALHOTO PACXOAA BOB! UEPE3 OTONHTENbHYK) CHCTEMY
Npe  HAaJHYHM  HENOCPEICTBeHHOTO Boaopasbtopa (1 — @) npu P = const
B MEPBOM NPHOTHNKEHHH MPONOPLUHOHAIBHO OTHOCHTEIBHOMY PaCXOLy BOABI HA
ropaYes BOAOCHAGKEHUE 7.
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3. Uamenenne pacxosa BoAbl uepe3 OTONMHTENBHYIO CHCTEMY NIPH HAJHYHH
HEeNnocpeacTBeHHOro Bojaopaszbopa (l—¢) B nepBoM MNPHOJHKEHHH NPOIIOP-
UHOHA/IbHO OTHOCHTEJAbHBIM COMPOTHBJEHHSM OTBeTBJennid S'=357.

VBeanueHne Harpy3xkn ropsayero BOAOCHaOKeHHA Beer/1a NPHBOAHT K yMEHb-
WICHHIO TOTEPH Hanopa B OOpAaTHOM OTBETBJCHHH H YBEJIHUEHHIO B [10JAI0-
IeM OTBETBJEHHH, T. €. CHHXKEHHIO HANOpa B OTOIHTEJBHOW CHCTEME,

[Tpu onpejeseHHOil HATPY3KEe TOPAYETro BOJOCHAOMKEHHS flgp MOTEPS Ha-
nopa B 06paTHOM OTBETBJCHHH CTAHOBHTCS PaBHON HY/IO, YTO COOTBETCTBY-
€T NPeKpalneHHio UHPKYAANHA BOAL B 0OPATHOM OTBETBJIEHHH.

§=0,8 So=0,4 So=U

a
1 T

d T/?=ﬂ 52| 08| 1,0 : p=002 }9,4 0,6 9,5 10 ? B=0| 0z 0% 05
/% e Y Y Y v 4 =l \

i - =;-‘:\-‘: -,
14 1a = 10 —

/N

46 a6 46 - ;‘\

L Hwo | 08 N
a4 g4 04 <
g2 g2 G2

0 Gz 0% 0F O n 0 GZ 0% 48 G8 n 0 4z 0% g6 68 n

Puc. 3.9. OTHOCHTE/bHBIt PACXOAbl BO/ALL Ild OTOMJEHHE (¢ IPH PAa3JHYHLIX HArpyskKax rops-
4ero BOAOCHABAKENHMA A ¥ JOAAX 0TOOPA BOAW u3 nojawowed auund f. O‘ruocurmbnme

COMPOTHRJICHHA MO/AI0IIEr0 W O6paTHOrO  OTBETBJACHHE K aboHEeHTY OAHHAKOBHI (S

=8"=8). Pacnonaracmuii Hanop B CCTH B TOUKE NPHCOCIHHENWN OTBCTBJIEHHH K aGOHeH-
Ty HeH3Mennnl (u=1)

BeTMunHa ny, MOXKeT ObiTh OnpejnesqeHa W3 yC/AOBHS PAaBEHCTBA BEJIHYMHBL OT-
6opa BOAbI M3 OOpAaTHOH JIHHHK pacXoly BOAbI Yepes CHCTeMY OTOTICHHS:

@ = (1 -~ B) ngor. (3.28)
[ToacraBuB 3Havyenne ¢ u3 (3.28) B ypaBHeHHe (3.22), monyunm
=8 (ng”)* S, (1 =B ()",
Vo

L = (3.292)
VsS+u-—p25,

OTKyJa

B wacTHBIX cayyasx:

npH Bofopasbope TONLKO M3 mojatomelf auaun (f = 1)
S =Va [ VS (3.296)
npu Bogopasfope TOJAbKO W3 obpartHOH JunuH (f = 0)
= Va V33, =Va |V 1—3; (3.295)

NpH OAHHAKOBbIX CONPOTHBJIEHHUAX no;laromeﬁ u oOpaTHOH JIHHHHA (S, =
= ] — 28')

ne® —ya | V& (1 —pp-95). (3.291)
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Hz prc. 3.10 Hanecens! 3Haqeus g -

[pn yReAWSCHEK 7 > Ny, BOIA HA TOpPsiuee BOLOCHzGMeHHE U3 OOPATROMN
JHHEH OYIeT MOCTYIATE YACTHYHO WA CHCTEMBl OTOMJIEHHS, @ YaCTHYNO - -H3 00parT-
HOM MaIHCTPaJaH No o6paTioMy oTBeTBNeHHIn. [IpH sToM Hanop R OTONHTEABHOM
cHeTeMe OYIeT HIXKE, 4eM HANop B OGPATHOH MaruCTpasiH.

Hakonell, NMpH ONPeneTeHHOM VBeAHMEHHHE 72 BCH J0J5 BOJK HA Iropsived BO-

AocHAGMKEHHE WA 0OpaTHO aunnu (1 — P) OyreT nocTynarth u3 OGpATHOR Mary-

fyp
i =08
10 | I F t_z_.
".‘ / - 08
L E ( /// ho
e Y1 s N
“ §/ / '
1 210N, // //gg
Pre. 3.10. Harpyasu ropavere  3oaocHadxenns, & r\); -
APH KOTOPAIX (IPCKpAMacrest NMpXymiua B of- \\ ///\<><§;5'
PaTHOMW OTRETBIEHHH, Apa’ (CMJOLIEBE THHEH) M p 4 P
“
B CHCTCMC OTOMACINS nf::., (IUTPHXOBHC NHHAK), £ T ——
OTHOCHTEIBHEE  CONPUTHBACHHN — LOJZUI0WEI0 i I
0BpaTHOrY OTHCIHICING K abUNCHTY OAHHAKOBLI 2z T R
(§’=48"=8). PacrnonaraeMufi Hanop B TOUKe =
TPHCOSJIHHEHBR OTBETBACHHN K aDOHEHTY HCH3- g G2 04 |
Mespblil (w=1)

2 gr gz ¥ g% §

cTpaii. LIppKyasuusi BOAsl B OTONHTEILHOM CHCTEME IIPH STOM HPEKPATHTCHA

(9 == 0). 3uanenue ngp, OTBEHAKLLEE STOMY YC/IOBHIO, OIPEIEISETCH H3 COOTHO-
INeHUA

| a=8" (Bn)2—S8" (1 —p)? n?, (3.30a)
OTKyAd
g = —— V_a {3.306)
| 5 pe—3" (1 —py
STOT pesHM, CHEBHIHO, MOMKET HMETE MCCTO JIHILL TIpH
S pt=>8"(1— B, (3.31a)
T. €. NPH
pri—py = I 57/ (3.316)
Wik, koraa 87 =+ §°, npe f >> 0,5,
[pr " — §°
o1 V C_x' i
nl"[’ i — vy 2 (33]]5]
V5 ep—u

Ha puc. 3.10 npeacrapienst TaKKe 3HAYSIH M.

Crenyer OTMETHTh, UTO NPEICTABIeHHbBIe Ha puC. 3.1 3HAYEHUH 1 ,p COOTRET-
CTBYKIT HEH3MEHHOMY DACNOJATAEMOMY HAamopy D CeTH B TOUKe MPHCOEAHHEIHS
orpeTpaenHii K abouentam (% — 1), [IpH HameHennn pacmosaraemoro HANOpa
ceTH OynerT HAMEHNThCY U Fy, B COOTBCICTBHH ¢ YPaBHEHHAMM (3.29) k (3.30).
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Kak caeayer u3 3THX ypaBHEHHI, CHUXEHHEe 3HAaYEeHHH o MPHBOAHT K 3HAYH-

TEJbHOMY YMEHBIEHHIO N9y’ U Aoy,

OtHOCHTe/IbHBIE PAcXOAbl BOALI H3 Nojawoluel H 00paTHOH MarucrtpaJeli, on-
peaensieMbie 3HaueHHeM b, 3aBUCSAT OT TEMNEPATYPH! BOAR! B CETH, TaK Kak

P == (60 — 15)/(v; — 1),

rje Ty H T, — TeMNepaTypbl BOibl B nojawined ¥ ofpaTHO MarucTpaisax CeTH.

Ilpu HH3KHX HapyMKHBIX TemIepaTypax, Koraa T, >= 60° C, f = 0, tak kak
BCA BOZA Ha ropsiyee BOAOCHaOXeHHe MocTynaer 3 o6paTHON JuHHH. [IpH Beico-
KHX HapPYXXHBIX TeMneparypax, Korja 1; cHnxaercsa 10 60° C, p = | — Bcsa Boaa
Ha ropsiyee  BOZOCHAOKEHUE MOCTYNAET U3 MOJAOLLEH JHHHH.

Ha puc. 3.11 npeacraBniensl 415 PasiUYHBIX OTONHTEILHBIX TeMNepaTypPHLIX
rpapukoB (150—-70, 130--70 u 95—70° C) saprcumocTH B oT HapyKHOH Temnepa-
TYphi. A TAKXe NPOJCKHTEIBHOCTb 14 KJAWMATHYECKHX yCJa0BHA MOCKBHI.

Ly
Y
i A
/ P4
Ale s
7 x Puc. 3.11. TonoBam AaHTENBHOCTH
/ g oT6opa BoAH H3 nojaowed ff B o6-
] ¥ patuoii (1—P) nuuaé, Knumatnue-
N / ckue yeaopsi Mocksu. Temnepa-
Y 15 S [ S TYpHLIt rpadhHK npH KauyecTBeHHOM
/ ,-/ B peryJHpoOBaHuH!
y CNAOIIHLIE nuuuulgolﬁ%—?'ﬁc“c; WTPHX-
: Hbl - — °Cs WTPHXO-
t, 4 -0 -20 ~30 1000 2000 3000 4900 n U wue —95-70 “C

Temnepamypa Hapyw- Tadoboe wucny  vacod
nozo B03dyxa

Kak BugHO u33TuX rpadukoB, suaveHme P = 0,4, npu KotopoM Bogopasbop
NPAKTHYECKH He OKa3biBaeT BJHIHHS Ha PACXO] BOAbl B OTONHTENLHOH CHCTeMe,
HMeeT MeCTO (TIpH HeH3MEeHHOM HATlope Ha BBOJIE) IPH HapYKHBIX TeMIIePaTypax —
—3°C (rpagpuk 150—70°C); — 5°C (rpajur 130—70 °C);—11°C (rpaduk
95—70 °C). -

J1/is coXpaHernsi HeM3MEeHHOr'O PacXoja BOMB B OTONHTEJNbHBIX CHCTEMAX MpH
APYTHX HapyHBIX TeMmrmepaTypax pacnoJjaraeMblii nepenajg JaBJeHHH B CeTH
NpH HH3KHX HAPYKHhIX TeMnepatypax, xoraa P << 0,4, 10/uKeH yMeHbIIATbCS,
a npu 6oJee BHICOKHX HAapYXHBIX Temneparypax, koraa f > 0,4, — yBeauun-
BaThCH .

W3z ypabuenusn (3.22) moryT GbiTh onpejaeseHbl YCJIOBHS, NPH KOTOPBIX pac-
X0/l BOIbI Ha OTONJIEHHE He u3MmeHsiercs (¢ = |):

L+ 2n [BS' — (1 —P)S"1+n2 B2 8" +(1—- B 8] —a —0. (3.32)

[TockoabKy 3HaueHHs 7 K P ABIAOTCA BeAHIHHAMH 33 aHHBIMH, 3aBHCAIIHMH
OT TENJIOBOTO NOTPEeGHTEIS U TeMNEePaTyphl BOJM B CeTH, € HHCTBEHHOH BO3MOK-
HOCTBIO [TOAJEpXaHHsl HeH3MeHHbIM PacXona BOAbl HA OTOMJIEHHE SBJSAETCH H3Me-
HEHHE PaclosaraeMoro Hanopa B CeTH, T. €. H3MEHEHHE .

U3 ypaBHenns (3.32)

a=1+2nipS - (1 —PB) S1-n2[p2S" +(1- B2 S"}. (3.33a)

Mpu 8’ =85 = 3§
o =14 [2n (2B — 1)+ n? S. ((3.336)
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B dacTHLIX cayaanX
p-1;ae=1+(2r+nY)S; (3.338)

B0 a~1-—(2n1—n% 8. (3.33r)

Coraacto ypasHenuo (3.336), Kak BHARO u3 pHC. 3.12, a1 COXpaHeHHA HE-
WAMEITIIOT0 PACXOMA KO/ HA OTOIMENKe HeoOX0oMMve, YTOGH pacnosaraembifi Ha-
Mop B CEeTH HAMEUAICd B BEChMA SHAUWTRJLHELIX [IpEleIax. D710 U3MEHEeHHE Nano-

pa NOAKHO ObITh TeM GOJLIKM, YeM §0/IbUIe HArPysKa ropavero BOLOCHAGHKeHHSA
A W OTHOCKTE/bHSIE CONPOTHB/ICHHA CTBETRBIEHH HA CCTH K aGOHEHTY S.

B §Q=5;I§ % §a=’0,l4 :
Wil adlas [o¢ az| ™ a=1| 0,8 B
= i i3 1 2 ¢
42 NN 3 (2 x_‘__)-r"‘"_fﬁ”;‘-"f;
= =
a8 1% W71 7 | 71
p=0 p=g| 42| g% |45
a4 o4 -

a 0z g% 6§ o8 # 0 42 4% a6 68 a

S0 //

a-rlog a8/ |7

| .| W d ]
’ S/S,/ a4 Pue. 3,12, PacnonarasMue Harnio-
12 ',J/ - - pii B cett (e=AfA}), npH KoTo-
g i == o PLIX HMeeT MECTO  HEMIMCHHLIH
1 —— b2 pacxna  ROAM  HA  OTOTIERHE
28/ s =] (p=1). ConpoTHBACHHA 10:3-

e ,ﬂﬁﬁ' Kero # OOpPaTHOTQ  OTBCTHJC-
- i AU K A00HEHTAM  CANIIEKOBLL
a4 (§’=35"=28}): p— soaa oT6opa
BOAL Ha rOpfAdce BoOAOCHAOKe-
pHe M3 noaaminelt THRRY

g g2 4% 48 48 7

Kak prano w3 puc. 3.12, npu goae orGopa BOk Ha TOpAYee BOAOCHAGKEHHE
w3 uonaottest AnHuE B < 0,3 pacnoaaraeMbii Hanop NOJKEH YMEHbLIATLCH
(@< 1), npu snagerusx f 2> 0,3 oW 10/KeH yyeIHIHBATLCA, IIa npaxTuke KOM-
eHCANHS HIMEHeHHH Dacxoia CeTCBOH BOALI @ CHCTEMBl OTOMUEHHR TPOHSBO-
AUTCS HE H3MEHEHUCM PACIONATaeMOrs HaliOpa Ha TENJAOHCTOYHEKE, a COOTBETCT-
BYHLAM HIMEHEHHeM TeMUEPATYpHOrO rpagHKa OTIYCKA TeILIOTAI.

AHanms rUAPABIHYECKOrO PEXHMA TeILNOBOR CCTH ¢ NENOCPeACTBEHHBIM BO-
jpapasbopom [74] nokasad, yro NPONOPUHONANLHAN PA3PETY IHPOBKA OTOMHTE b
HBEX CcHeTeM Beex aGonenToR (¢ = const) y¥MceT MECTO npH OZHHAKOBBIX y HCEX
aBOHeHTOR GTHOCHTEABHBIX (IATPV3KAX TODSUEry BOjOcHalKeHHA 71, JOJSX OT-
Gopa oAbl 13 nojatowtelt 4 o6paTHOR JBHIE B, OIHITAXOBBIX NIPH PACYETHOM pe-
saMe (Bea Boiopastopa) Noanpx (OTCUHTAHHMX OF QJHOTO ypOBUSI) Namopax B
roakaX 0TGOPa BOMB! HA ropxyee ROZOCHAGKEUHE K3 Nojariedi K oGpaTHOH JH-
HHH.

(l1e10BATEALHO, IS CeTH ¢ Mohnm IHCA0M 200IEITOB, B KOTOPOH HMEIOT MeC-
TO YKAa3aHHEIE yCanhuH, OBCCTIEYHBAICILHE OIMHAKOBYX) DAaspEryIHPOBKY BCEX
OTONHICALHLIX cHcTeM {§ - idern), ¢ MOMKET OLITL ONpexener0 H3 yDaRHEHHA
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FHAPABJHZECKOrO PeXHMa SKBHBAJICHTHOH ceTH ¢ onnuM aGonenTom (3.23) [14].
Cnenlyer OTMETHTD, YTO YKa3aHHBIE YC.TOBHS MPOMOPUHOHANBHOH pasperyJHpos-
KH OTOIHTEJNbHBIX CHCTEM AEHCTBHTE/LHBI JIHIUb PH OTCYICTBHH B CE€TH HACOCHHIX
NOACTAHLIHH.

3.5. YCTAHOBKH C HE3ABHCUMOH CXEMOH NPHCOEINHHEHHYA
CHCTEM OTOHJIEHHA; KJACCH®HKALMA ABOHEHTCKHX YCTAHOBOK
N0 UX THOPABJIMMECKHM XAPAKTEPHCTHKAM

B nocaiepHee Bpems B CBSI3H € NMOBLILEHHEM TPeOOBAHHH K HAACKHOCTH CHCTEM
TENJIOCHAGKEHHS M HX MAHEBPEHHOCTH, a TaKKe B CBSA3H C npeob.ajaioliuM
CTPOHTE/NILCTBOM 3aHHUH NOBLILEHHON 3TAXKHOCTH B KPYMHBIX CHCTEMax TeJIo-
CH&G?KEHHH HIHDOKO IIpHMEHAETCA He€3aBHCHMana CXeMa INPHCOCAHHECHHA CHCTEM
OTONJIEHHS K TCIWIOBOH CeTH. JTa CcXemMa NPHMEHAETCs Kak NPH 3aKPHITOH
(pue. 3.13, @), Tak W npH otkpwTo# (puc. 3.13, 6) cucreme TeMJIOCHAOKEHHS.
B nepaoM ciyuae MOXKET NPHMEHATbCA Al004si HX CXeM NPUCOeJHHeHHs MOJorpe-
BaTeJsIell ropsayYero BoZlocHaOKeHus (napaJdueabHas, CMeluaHHad, ocTe/10BaTeNhb-
nasi), [Ipu HesaBuCHMO#l cXeMe rHIPABIHYECKHIl DEXKHM BHELIHEH CeTH He BIHsAeT
Ha THAPABJAHYECKHH PEXHM MECTHbIX CHCTEM OTOINJIEHHS.

r—
—

Runne .
ginne L gl
faa,“’ucﬁ vie, LY PT V T03, Vnca
Tosn Vo Tor, Vo
n *A Vﬂﬂ
12 V, 12 To2
Sl T Cocesd
Bg >

Puc. 3.13. CxeMul TenOBHX [OACTAHUHH ¢ HE3aBHCHMBIM NPHCOC/IHHECHHEM CHCTCMBl OTOM-
JIEHHHA 4yepes BOJ[O-BO,’IHHOﬁ nojorpeBaTenb.
a — 3aKPHITAA CHCTEMA TelducHabGMenna; 6 - OTKPBITAA CHCTOMA TenaocHabxKenus

CuApaBAHYECKHE XAPAKTEPUCTHKH YCTAHOBOK C HE3aBHCHMOH CXeMO#f ocra-
JOTCH TAKHMH K€, KAK H YCTAHOBOK C 32BUCHMON cxeMOoi. BMeCTo CONpOTHBAEHHS
COMNJIA 3/1€BATOPA HJIH KBAPTAJbHON OTONUTENLHOR CeTH NP HE3aBHCHMOH cXeme
PUrYPHPYET CONPOTHBAEHHE OTONHTEILHOIO NOLOrPeBaTe/isi; BMECTO pacxoaa Bo-
Jibl Ha CHCTEMY OTOIJIEHHS] — PacXof BOLBI H4 OTONHTEJbHbIH MMOAOrpeBaTeb.
Buausinie pacxoja Bojbl Ha ropsigee BOJOCHa0KEeHHE H pacriosaraeMoro nanopa Ha
TEeMJIOBOM NYHKTE Ha PACX0j CeTeBOA BOJLI HA OTONMHTEJNbHBIH MOAOTpeBaTelb On-
pelesieTcst NMPHBEAEHHAIMH BhIlIE 3aKOHOMEDHOCTSAMH ISl 3aBHCHMBIX CXeM.

[MpuBejennoe B HACTOSILEH [V1aBe paccMOTpeHHe aGOHEHTCKHX YCTAHOBOK MO-
Ka3blBaeT, 4YTO MOCJAEAHHE MO THAPABIHYECKHM XaPaKTePHCTHKAM MOryT ObITb
pasjieJIeHbl HA TPH TPYNILL:

1) ycTaHOBKH C pacxozaMH BOJEI, He 3aBHCALUMH OT PacnojiaraemMoro Hamopa
Ha BBOJe (V,5 == [ (A) )*. K TakuM ycTaHOBKaM OTHOCATCS 3aKPHITHE H OTKPLI-

* Kak oTmeyanoch BbllIe, 9TO YCJAOBHE COXPAHAETCA JAMLUIb NPH CHHMEHHH pacnoJiarae-
MOTO Harmopa Ha BBOAE A0 ONpeAe]eHHOro MHHHMANLHOTO 311adeHHs, NPH KOTOPOM pery.is-
TOP PAacX0fa OKa3biBAeTCH NOJIHOCTHIO OTKPBLITHIM.
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THIE CHCTEMBE € PEryIaToOpaMyu pacxoia nepes CHCTeMaMi OTON/ICHHS ¥ PeryasTo-
DaMH TEMITEpPATypPEl BOJEL HA TOPRYEE BOUAOCHADKEHHE;

2) YCTAHOBKH C HEHM3MCHHLIMH COMPOTHBAEHUAMI (S, == const), K KoTophim
' OTHOCATCS 3aXPHITEE CHCTEMBI C HEPEry fupyemMbiMH PACXOaMiu BOUAbl HA OTONJIE-
HHE H TOpa4ce BONOCHAOMEHHE, 3aKPLITLIE H OTKPLITEIE CHCTEMEL C Heperyaupye-
MBLIMH PACKOAAMH BOIBL HA OTOIIEHHE ¢ NGAHOCThK) BUKPBITBIMHE {HOYHOH DeMHM)
peryaaTopaMu TeMnepaTypLl;

3) VCTAHOBKH C [HOCTOHHHBIMH COHpUTHB.’leHHHMH CHCTEM OTOIJIEHHHA H HE’.[?{’.-
MCHHBIMH CONPOTHBJIEHHSAMH CHCTEM repsaidero BoOOCHAOKEeH A, K KOTOPEIM OTHO-
CATCH 3HK]Jhl’l'hIE CHOTEMBL C HEpEFYJ]Hl}YOMhIMH pacxo,namr Ha OTOIJEHHEe, HO C
pery.IATONaMHK TEMIepaTyphl; OTKPHITHIE CHCTEMBI C HEPEry.THPYeMBIMH pacxoaa-
M Hd OTOILIEHHE.

[HIpaBIHYCCKUE PEXKHMBI TENTOBOH CETH, a CAeA0BaTeTLbHO, H METOAL HX pac-
eTa i MOICJIHDOBAHMA CYLII,ECTBEHHO SABRHMCHT OT TOro, K Kﬂl{ﬂﬁ H3 nepeuuc.rleﬂ-
BBIX TPYRN OTHOCATCH aGOHEHTH Naniok ceTH. TaK, rHapapaIHyecKie PEXHMLI Ce-
TH ¢ AaGOHEHTAMH NMEPEOH IPYRNbl MOryT PACCMATPHBATRCH OTAGNRHO I8 NOLaK-
el v 0OPaTHOH JIMHHK CETH, LM CeTH ¢ abOleHTaMu BTOPOH i TPeThel rpynn
noaaioasn ¥ o6paTHas JWHHK 0. KHh! DACCMATPUBATLCH CORMECTHO C BKJIKOUEH-
HRMA MCXKAY HUMU abonentamu. [TosToMy B MOCIenyIiux riapax ruapabejiHye-
CKHe pEXHHMBI TEIIIOBbI X CeTen PACCMATRHRAKTCA B CRASH C THANEBJAHYECKHME Xa-
paKTePHCTHKAMH YKd3auuplX rpymnn aGoHeHTOB.

3.6. PEXXHMLI PAROTHI LLHPKYNAIUHOHHOA CHCTEMBI

Jnda npenynpexneHds OCTHBHHAYE BOLu B TpyGunpouoiax rop#Hycro sojocHabiKeuns,
BHAMNRAIOMEr0 50abwMe (ecloJedHule CAMBLE HOAL, NpelycMalpeBacTed YCTpoHerso UKp-
KYAANMOHHOE CHCTeMBl, JT4 CHCTeMd O0LLIEYHBALT BOCPONHHYIO LHDKYAHLMI BOALL B KBaD-
TaabEafi CeTR # CeTH TOpAvero BOAOCHAGMeHHA Beex 3zanni. Oxjamienvun B pesyulbraTe
TONADNOTEDPD B STHX CETAX BOJONPOBOAHAR BOLd BUIBPHULAETCH ¢ NUMOMILIO UMPKYAHUAOH-
HOTO HACOCA B TENJOBOHA NYHKT, CMEILHBALTES ¢ BOAUUPUBOLAOH BUJLQH, HAUPCTUA B LICPBOHA
CTYNeRH TIOAOrPeBaTe A, H CMELARHLIE HOTOK HUCTYLEET Las QOIPesd 40 TpebyeMol TeMIe-
patypsl OOLIYHO BO BTOPYK CTYNEHE NOAVIPEBATEAH,

by An Vg +Vy

@30 =

2: @*4 qy Yy 5
5 S

Puc. 3.14. Tpauuunnaaeian cxemMa H Ube30MEeTPEYecKdll rpadHK CHCTOML 1OPSNCIO BOAO-
CHAGKeHHA © LHPKVYIALHe:
8| — CONPOTHEMEHHE YUACTROB 2-J+4=5; S, — TO me YUACTKOB 5-t-2

Mz0ora quH}’élﬂuUUHH{Jﬁ CHCTCML QHA3LIBEET BJAHAHNC Hd I'HAPEBAHYECKHE H TENJIUBHE
peinMbl 800HCHTCKAX Ecranuuun LPH BCUX CREMEX NPHCUOLAHHCHHN NOLOIPEBATEARH FUpa-
yero BoACCHAOK NS . BANAHEC 12 TUADEBIHYCCKHE PCKHM BLIPUIKHCTCH B YBCAHUEHHH UO-
TEPH HALIUPE BOACIPOBOLEHUH DO LG m*gpaﬁ CUYNCIH NOUUTPLBATCIH B DCIVIALTATC YBUIN-
UYEHHH LU DACXOAH. JIHSHC Jla TCHNAODORE PUMHM UL DAaMACTCA 8 YEUJIHRRUHUH TUIVIOBOE Hi-
[PY3KH BIOPOH CUYOCHM NOEZOTPCEATCIMA HA 3RAYCHAC TCRJIONOTCPL B CHLTCME LHPKYJIALHM
H B H3MUCHUHHH €C TCMUCPETY PHOTV POKMMA 5 PCIYIULTATE HSMEHCHRA TEMIEPATY Dbl HEl'peBd -

. BMOH BOABL.

Hu pue. 3.14 nmpracrapcna APHINHTEANBLAA CXCMd UHPRYJAALMOHHOA CHUTUMLL 1OpHd-
YEro BUAOCHAGIKClHH Y, BCH JLATPY3KA KOTOPOH YCJAOBHU COUPELUTUNEHI B ULHUM 31HHHH, &
3 TAKMC LPHBEACUL NPHMCPILIC MbCIOMCTPAYCCKHC FPpadHKky 510l CHCTUMBL HPH HYJAEBOM N
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MaXcHMaTbHOM BORopasfopax. a4 npelcTaBJAeHHON CXeMH PaccMOTPHM BJAHSIHHE BORO-
pa3fopa (Harpy3kwe ropsidero BoJ0CHAGKEHHA) HA PACXOJ UWHPKYJISILHOHHEOHR BOJLI H ee TeM-
neparypy.

O6o3uaunm uepes S; cyMMy THIDABJIHYECKHX CONPOTHBIASHHH vyacTkos 2-3-4-0 k
uepes S, — CyMMy conpoTunlieHuit yyactkor 5-6-2 (puc. 3.14), npuaveMm B COnpoTHUBliEHHE
yuacTKa 6-2 MOMKET BXOJAHTH BHYTPEHHEC CONDOTHBACHHE LHPKYJAsuHORHOro macoca. OGo-
3HAUCHHA pacxoios V, TEMNEpATY P i H TEMJAONOTED D Q B OTAGJbHEIX TOUYNaX H Ha YVUacTKaX
CXeMbl SICHHI H3 pHe. 3.14.

Bonopastop V, onpeaeascrcs Harpy3Koi ropsiero soaociadxenns Qp H cpeaned Tem-
neparypoii B ToukaX Bopopasbopa fop i~ (I — he)/2:

Qr :
Vy= ———————— (3.34)
¢ (fop —1y)
MaxcHmanbHHi pacXos WKpKyAsuHoniof sogn Vi™“ umeer mecto npu sogopasbope,

pasiov uymo (Vg = 0} On onpegeasietcs n3 yeIoBist OXJAaxAeHHS WHPKYASUHOHHON BO-
abi Ha yuacTxe Boaopasfopa (B yeAOBHONM 3Randn) iia 3uavenne Al

VE&KC e Qa:[ffﬁt pe (3'35)

MunpManbioe SHavelne HHPRYAANHONNOTO pacxoaa V™" umeer wecTo 1pH MakcH-
MaAbHOM BOaopasBope. YpapHesHe BTOporo 3zkona Kupxroga ais UWHPKYJAFIHOIIOTO KOH -
TYp4

H—8 (V- Vy)2 4S5, V2, (3. 36a)
rae H -— #anop HHPKYJISAUROHHOTG HACOCA,
B wacTublX caydanx:
TIpH Vﬂ - 0, Vu == V:ﬁih‘.c
H'"_ {Sr :'192) {V::ﬂKC)z; (3.366)
H =8 (Ve -y 8, (Vg™ (3.368)
Mpupasuusasn (3.366) n (3.36r), noayuaem
(SI i SQ) (v::ﬂm' }i i Sl (l_.-ll;u-mc i I/.’\lum}:z.i_ 52 {VEHL"Jj'
Pasgenun obe wactn na (S, + Sg) V)™ n obosnauns
81/(Sy-+80) = 8y; S2/(Sy - Sg) = Sy Y/ V™ © =V,
NOJAY4UHM
(Vueky2 S, (14 V NHE)2 LS, (VIF)2. {3.37)

3nanenne V<= VY VIS gnpegeascren u3 (3.34) u (3.35). Beanunna Vi RN
; : ik Ma - TMAKe __ /MHEH//MAKe _
JyMAKC o (YMUB/YMAKS) (PMIKC/YIRKG) — KVEMC.  Beawtuna K — viu/vy MO

et ObTb 3ajJlaHa UPH NPOCKTHPOBAHKEH CHCTSMBL B
W3 (3.37) ¢ yueron tero, 4to S, == 1 -— §,;. onpejeanerca 3Hauenne S,, ofiecrieunBaI0-

wmee Tpebyemoe cootnomenne memay VI w VI

_ {ry:m{c}e o (vialmr)-_g ) (I __Krg) (t,r:auc 2 P 38\
= L.: gy I 2KV e ' o

Onpexeanm Tenephb sapucMocts Vy o1 V. [las sroro npupasusev (3.36a) u (3.366):
S, Vo Vi)2+ S; VE=(8,-1-8,) (VR ).

Paasenus o6e uactH Ha (S; - Sp) VI¥E, ¢ yuetom npuhaThix oGosnadcuni noAyIH M

:E;::I (‘73"*" i;':"}?' +—(i §L’ Fﬁ (V::ﬁl((:)z-
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Puc. 2.15. PexuMbl paGoThl CHCTEMbl FOPAUCTO 3010CHAOKEHHR ¢ LWHPKYARLHC:
=065 °C: fy=5 "C;Q‘I‘f"“c =398 MBT (343 T'kanfu): OTHOCHTCALELE TEHAGHoTepy an-v0.0SG—I: (33;1 v

= 0,06265; Qu=0,0291"

&fp. S npH V:‘:“”, yManc
L 0 5,2 0,4
a 10 6.1239 0,1051 10,0824
6 7.5 10,2203 0,1769 0.1369
8 5.0 0.4958 0,2766 ©0.2727
Orciona
Vu=—8, Vo Y (VMosc 3, Sy Vs . (3.30)
Jdas onpejesienus pacxola BOAONPOBOAHOH BoArl U3 (3.34) HeobxoguMo 3nate f¢, — coen-
HIOI0 TeMNepaTypy BOAb B To4kax BonopasGopa:
At
tcp -_:7[“ ST ;’%‘40}
_ 2
rie fy — TeMnepatypa B Hauaje yvacTKa Bojopasbopa; Al — oxJaamxienue BojJ6! Ha
yyacTKe BoZopa3bopa mpH pacxoie soao Vy + Vi
On
e(Ve+Vy)
At = ;Q3? : {3.42)
c(Vy+Vy ) '
[Tpu 3tom
e Qs 0.5Quy Byt 0,850%, P
cp 1 — B LR e A e {3,644
Vg +Vy) c(Vy4-Vy) UV V)

Pacxoxn BOAB Ha ropsuee BOAOCHAGKEHWE

Vs Qr e . (3.414)

‘ Qlt s "-]NE-"'-’A?};; ' '
€ (& —1p) — P Vv

I

Va l\] e

L

TeMnepaTypa WHPKYJSIHOHHOH BOJH

pmp . Qb0 -
H 1 V“-""Vu lfu . {!.,‘l)
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YMenbuwenne Vi UpHBOAMT K CHHKEHHIO fy. MHHUMadbHOE 3HauerHe fy ONpPeNCaAETCH
TeMmepaTypoli BO31yXa B KaHaje, B KOTOPOM NMPOJONKEeHa UHPKYIAUHOHHAS JHRHA.
Ha puc. 3.15 npeacrapiaenst pesy/ibraThl pacyera 1o nNpuscieHHbIM GopMy1aM peXkKHEMOB

paGoThl UHPRYAAUHOHHON CHCTEMBI NPH CAEAYIOMHMX MCXOAHBIX AaHHBIX: QF**¢ = 3,98

MBr (3,43 Tkan/u); oTHOCHTEeJbHBIE TENJAONOTEPH UMPKYJISAUHOHHOTO KOHTYPaA Qg =
=Qn/ QEYE = 0,0364; Qp = 0,0291; Qzy = 0,0626; TemnepaTypsl BOAOTPOBOAHOH BOAH

lp = 5 °City - 65 °C. Pacyerbl nposejerbl NPH TpexX 3HAYEHHAX PACYETHOrO OXJMAMKACHHA
BOAL B CHCTEME TOpfUero BOJOCHAOMKEHH 3aHH .Mp = 10; 7,5; 5°C u Tpex 3naveHH-
X Vj:”".f' VoKt == 0; 0,2; 0,4.

Kax puaro #3 pee. 3.15, ¢ yseauueHueM pacxoja BOAs Ha ropsyee BoJocHalxeHHue ee
TEMNCPATYP4a BO3DACTHET, TAK KAK IOCTOSIHHOE 3HAYEHHE TENAROLOTEPh OTHOCHTCH K BCe BO3-
pactaipolieMy pacxolly Bojn. Temnepatypa LUHPKYJISUKOHHOR BOAH CHaua/ja Bo3pacraer
npH GoabloM pacXoje UHPKYJIAULHONROH BOAKW, a 3aTéM yMeHbLIAETCA 110 Mepe CHHMKEeHHS
STOr0 pacxoja,

frasa wersepran

[NPUMEHEHUWE METOJOB MATEMATHYECKOTO
MOIEJIMPOBAHUS AJid PACYETA THAPABJIHYMECKHX
PE)XUMOB TENJIOBbIX CETEH

4.1, 3ANAYH PACYETA THAPABJIMYECKHUX PEXXHMOB H METOLBI
HX PEWLEHUSA

ITo Mepe yxpynuenns TILl, yBenuueHus panauyca TPaHCIOPTHPOBKH TeM/o-
HOCHTE/sI M PAlOHa TeNJIOCHAGKEHHSA MOBBIIATCS TPEOOBaHHA K HAMEKHOCTH
TenaocHabkeHus, T. €. K GecrniepeGoiiHof mofave Tensorsl norpebutenam. [lo-
CKOJBKY TNPH COBPEMeHHBIX KOHCTPYKLHAX TENJOBHIX CET€H H KaUeCTBe HX Bhi-
NOJHEHHsT He MCKIOYABTCS aBAPMAHOE MJH NJIAHOBOE OTK/HUEHHE OTHE/IbHbLIX
YUYACTKOB CETH, OCHOBHBEIM METOIOM IIOBBILEHHS HANCKHOCTH B HACTOALEE BpEMs
SABJIAETCS] COOPY}KEHHQ pe3epBHLIX cBra3el MexXAy TelJoMarucrpajlaMui OAHOﬁ HJAH
Heckonbkux T3Il. B pesyabraTe npoxkaalKi NnepeMblYek MeXIy MarHcTpasisiMu
TEIJIOBbIE CETH Pa3BHBAIOTCA KaK CJOMKHBIE MHOTOKOJbLEBblE T'HAPaB/IHYECKHE
CHCTEMBI.

flo ycaoBusM HaieKHOCTH MHOTOKOJIBIEBBIMH ABJISIIOTCSH HE TOJLKO FOPOJICKHE
TeNJOBBIe CeTYH, HO U 3JEKTPHYECKHE, BOJOMPOBOAHbIE, FA30BbI€ H BEHTHJIALHOH-
Hete ceTi. OIHAKO rMAPaBAHYECKHH PEXKHM TENJOBRIX CETeH 3HAYHTEAbHO CJI0XK-
Hee, yeM pexKuM BOJONPOBOAHBIX HJIH razossix ' cereli. Bo-nepBbix, noToMy uto
TENJOBLIE CeTH HBJINIOTCS ABYXTpyOHEIMH. O6e MaructTpanau (nojamomas 1 obpar-
Has), P'HAPABJHYECKH CBS3aHbI MEXKAY c060i COTHAMH Nepemblyek -— aOHEHTCKH-
MH CHCTEMaMH. BO-BTOPBIX, BO3MOXHOCTb BCKHIIAHHSA BOJABI BHICOKOH TeMmIepary-
PBI ¥ HENOCPeACTBCHHOE MPHCOCIHHECHHE K TENJIOBOH CETH ThICSY MECTHBLIX CHCTEM
OTON.JIE€HHs, 061aa10UIHX HEBBICOKONH MEXAHHUECKOH TIPOYHOCTBIO, KECTKO orpa-
HHYHBAIOT MAKCHMaAbHbie H MMHHMa/IbHBIE KOMYCTHMBIE AABJEeHHMsi H HaMopbl B
nopawotief 1 o6patHol mMarucTpaasx. OCHOBHbIE OrpaHHYEHHSA COCTOAT B CJERY-
FOLLLEM .
| Hanop B MECTHBIX CHCTEMAX He JAOMKEH NPEBbIIIATh J01YCTHMOrO0, PABHOIO
115 9y TYHHBIX OTONHTCILHBIX TpHOopos 60 M, f1a KoHBeKTOPHMX cHeTeM 100 m;

2) Hanopel BO BCeX TOYKAX TEMJOBOH CETH W MECTHBIX CHCTeM JMOJIKHEL ObITh
H30BITOYHBIMH, PaBHBIMH He MeHee D M BO H30exaHMe M04coca BO31YXa,

3) manop B nojawuiedi JUHHH AO/MKeH ofecredHBaTbh HEBCKHIAHHE CETeBOM
BOJABI H HE JO/I2KEH NPEBLILIATH PACYETHOrO A5 TpyOONpOBO/OE H BCIOMOraTe/Nh-
HOro o0OpYJIOBAHHA H apMaTyphl.

[lpu vaxchamaabnoii Temneparype Bomsl B cetu 150° C mbesomeTpHYecKHil
(oTcuHTanHBH OT OCH TPYOOIPOBOA) HAMOP B MOAAIOLLEH JHHUH JIO/KEH ObITh He
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menee 48,6 M, npu Temneparype 180 °C — 1ie menee 103 M. ITH YCAUBHA HBIAIOT-
CA OCHOBHKIMH TIpU TIPOEKTHPOBAHHHE FHAPABANYECKOrO PLKAMA (TLEIOMETPHYEC-
ROTO TPapMKa) H CXeMbl TerJI0BuX CCTeH, i

Mpy xosdduuxente wepoxopatocth 1pylonposota k, == 0,5 MM, YIeILHOH
notepe Hanopa R, = 5 wm/M u TeMnepaTypHom rpaguke cetn 150—707 C npo-
nyckHas cnocobuocte TpyBSonpososa (O3 yueTa MECTILIX CONPOTABNEHUH) co-

CTABJALET!
Veaosupiit npoxog tpya O, v . 200 4000 600 800 1004 1200} 1400)
[IponyesHan ¢a0coOHOCTD: ‘ _
o soae Gt oo o o0 107 660 1880 3800 6750 107H0 16000
ne rennote ), 'wanm . . 56 53 10 304 540 B55 1280

MBY . . o » » = 10,0 61,5 174 355 628 1000 1480

Nuaverp TpyGONpoBOAA CHHXKaeTcss nu  mepe  yaarceus ot T3 »
YMEHBILEHUS PACYETHOTO PAacXofa BOTLL 114 YYACTKAX MATHCTPATH. Makchmade-
Hple JHAMETPBI TENIOMPOBOAOB COCTAB/ISIKOT B HACTOANIES BpeM 1400 nam. Munu-
MAABIBIM AHAMETPOM MATHCTPAJILHLIX CeTefl nmpi 3ToM OOBYHO cuTanT 300---
—400 MMm.

[1pk natope Bo Beacuipawowenm koxaektope TIIL 15 M, R, — 5 wm/m 1 pok-
HoM NDODHIE MECTHOCTH HANOD R OOPATHOH JHHHH TEITOBOH CETH IOCTHIAeT
§0 M, T. €. MAKCHMANLUO LONIVCTHMOIO 3HAUYEHHSA A MECTHRIX CHUTEM OTOIIEHRA.
Ha pacceToAHMI 9 xkm jaxce Oea yyeTa MCCTHLIX MOTePh, HTO MeHbLe MaABHOCTH
TPAHCOPTHPOBKH TenaoThl 0T KpynHbix T3, Heposunii nporas  MECTHOCTH.
ApyTOe 3Hauenne R, a TAKHKC YYET MECTHLIX MOTepPL MOTYT HIMEHHTh YKa3aHHOe
p&CCTOﬁHHe, GAHARO pPHBEIEHHbIE Ll,lili)ph] HOKA3KHAKT Hen3OCKHOCTL MO%B.Ie-
HHS HACOCHMX MOACTAHIMK B TEIJODLIX CeTsiX CoBpeMeHHEX KpynHeix TOLIL. B
HACTORLLEE BPEMSI B TEILTOBBIX CeTHX MOCKEBBI pa00TakyT 22 HACOCHKEe NOJICTARUKH.

B r. Auma-Ata, rI¢ pasHOCTL recIe3NYecKHX OTMETOK MECTHOCTH, Ha KOTOPOH
npoJoxKella TenJa0Bas cetob, coctaBaser 180 m, npuuem TIL pacucnokera B HHK-
Hel Touxe, Ha NoaalcIeR JYHHH 5TOH CeTy YCTAHOBJeHO TPH HACOCHBIE MOACTAH-
MHUH. [loMEMO NOAKAYHBAIGIHHY B TEILTOBRIX CETHX MOYT }’CTHHHH.HHBEITIJCH nod-
MElLIHBAKIIHC HACOCIILIE NOACTAILHY, KaK, HanpuMep, B CBepanoBCKoil Tenioce-
TH, THe TAKAS HOACTAHIKH OGECIEUMBACT PaCUCTHVIO TeMnepaTypy soaw 150 C
B FOPOACKHX CeTHX NPH TEMMepaType BOJk! 1S0°C B 34ropogHoi TelnaomarueTpa-
am CYTP2C— CeepaioscK.

B cxemMax TeILOBBIX CeTel PHAd FOPOIOB UMEKYTCH FH;‘LPHHJIH“CCKHC CHBA3H
vexly TOLL, 06ci1yxHBAIOIHME COCMIHE TeNJOBLIE PAMOHBEI. JTH CBSA2H 1103BO-
JSIOT MePeXIIOUATh OTASMbHEIE YUACTKH CeTH Ha NHTaHHe o1 ToR wiv nion T3,
OCYIECTHTHTE B JICTHEE BpCeMA ropavee onociabxkenye o6orX pajiionos OT OHOH
T3Ll, a B OTA&TBLHLIX CAYVYAAX NPH JOCTATOMHOH UPOUYCKHOH CHOCOGHOCTH T'HL-
PABJIMYECKOW CRH3H OCYRIECTBJIATL M NAPATASALHYIO padoTy CTanuui na obiine
TeIIA0oBLIe CeTH. CJ'IE‘.II.YQT OTM@THThL, UTO TEIJ/J0BAA CeTh HBJIAHETCRE MHOVOKOJIbILE-
BOH J@Xe MPH OTCYTCTBHH MICPCMBIYCK MEXKAY COCEAIIMMH MarHCTPaIAMH HJIH CO-
CEAIHMH HCTOYEHKAMH TEILTOTHI. ]{O.Thl.[ﬂ B 3TOM eivyde (JGPHB}’E{J']'CH NOJIARNILHM Y
H OOpPATHEIMH JIHEMSMH CCTH H COCIHHAICLIHMH HX [JaCOCAMH # aBOlIEHTCKHME VC-
TAHOBRAMH.

Ipupeneniue Aaiible NOKA3LIBAIOT, HACKOMBLKO CJIOMKHBI COBPEMEHHBIE CXe-
MBI TEIL'TOBBIX CETBFI, a4 CJAeNRaTeThHO, H ]'le[IIEHHH BOIIPOCOB, CBASAHHEIX ¢ HX
THAPABJIHYECKHMH PeKHMAMH.

B npakTHKe NpPOEK THPOBAHWA, HAJAJAKH H KCMAYaTAlHH BOSHHUKAICT CHERYIC-
e GCHOBHBIE 3aIaYH, TPeOVIOUIHE pacyeTa THAPABMHYECKHX PEXHMCB Tel.10-
BbIX CeTeN:

TPACCHPOBKA TENVIOBBIX CeTell, ONTHMH3AUHA HX AHAMEeTDOR, BHIOOD MECT vi-
TAROBKH HACOCHRIX NOACTAHLHEH,

NpoBepxa I'EAPABIHUYECKOTO DEKHMA MPOEKTHPYEMON HJIH SKCNIVATHPYEMO#H
CETH MKW Ce3OHHBIX M CYTOYHBIX H3MCHCHHAX pacxoja BOM.

a3



NPUBEPKA BOSMOAROCTH IPHCOLAHHENH? K OIPEACACHHBIM TOYKAM JleHCTBYO-
IeH TemnJOBOH CeTH JONMOJHHTETbHBIX TeMi0BbIX HATPY30K H HEOOXOLHWMBIX A9
3TOR UedAd PEKOHCTPYKTHUBHbIX MEPONpHSITHSIX;

pa3paborKa Meponp“}mwﬁ MO aBAPpHHHOMY Pe3epPBHPOBAHHIO ASHCTBYIOUIHX H
M NPOEKTHPYEMbIX CEeTe.

pa3paboTKa CXem aBTOMATH3AaLlHH U 3aiHTHl TEHJIOBbIX CETeH:

AHAJH2 TRAPABJNYECKHX DEKHMOB AeHCTBYIOIHX ceTed NpH HecOXOUMMBIX B
NPAKTHKE 3KCIJYATALHH NEPEKMOYeHHIX M BblI6OP ONTHMAbHOTO BAPHAHTA Nepe-
K.TIO9eHHH,

pa3palboTka HporpamMMmsl epexkIIodeHni A5 OBHAPYKEHH! MeCTa aBapHH H
ero JOKaJau3alHH;

pDa3paboTKa PEMHMOB NAPALTEAbHOR PAbOTH HECKOJILKAX RCTONHHKOB Teil-
nocHabkeHus na obuHe Tel.TOBbIe CeTH.

JIas cXxem CoBpeMeHHbIX TEINTOBbIX CeTeH PACYeT MMJAPABIHYECKHX PEXHUMOB,
0COBEHHO NpH ydere 3aBHCHMOCTE PACXOd BOALI Y aGONENTOB OT pacnoJaraeMoro
Hanopa B CeTH, METOAAMH PYYHOrO cUera I'PAaKTHYECKH HEeBO3MOXKel.

Ananoruunbie TPYAHOCTH BO3HHKAIOT U MPH pacyeTe BOACIPOBOAMBIX, Ta30-
BhIX, BEHTHJISILUHOHHBIX, 3JEKTpUYecKuX ceTell. [losToMy N0s peuiedns epeuunc-
JIGHHBLIX 3aJa4 PasBHBAOTCA METOJbi (PM3HUECKOro M MaTeMaTHYeCKOro MOJEH-
pOBARMA YKa3aHHBIX cereii. MeToa $H3lHecKOro MOAeAHPOBaHKT OCHOBAH Ha HC-
MOAb30BAHUH THJPO-H 3JEKTPOAHAJIOTOBBIX YCTAHOBOK, METO]| MaTeMaTHYeCKoro
MOAEJHUPOBAHKA OCHOBAH Ha HCHONb3oBaHni DLIBM.

CHAPO-H 3INEKTPOAHAIOTOBBIE YCTAHOBKH PaspadaTbhiBAiHCh 1t HPHMEHAINUCH B
HAYUHO-MCCACA0BATENBCKHX M [IPOEKTHBIX OPraHy3auMsiXx AJjs pacyera MHOrO-
KOJbLUEBLIX I'HAPABIMYECKHX ceTell B NepHOX, NPeAuIecTBOBA BLIKHH LIHPOKOMY pac-
npocrpanennio IBM [ 14]. C navaiom Mmaccosoro pacnpoctpatiennss 3BM u pas-
pabGOTKON METOAOB MATEMATHYeCKOTO MOJeIHPOBAHNSA THIPABIHYECKHX PEXKHUMOB
TeNAIOBHIX CeTell HUTEPEeC K MPHMEHEHNIO A5 3TOi 1eH aHaJOroBblX yCTaHOBOK
3HAYHTELHO cHH3WJCA. [TpencTaBigeTcs. OGHAKO, YTO TAKHE KAYeCTBa 3.JEKTPO-
aHA/JOrOBLIX YCTAHOBOK, KAk Har1fAHOCTh, ObICTPOACHCTBHE, JIETKOCTD 11€PEKIo-
YeHHS! CXeMbl 1 M3MEHEHHA TAPaMETPOB CeTH, JesatoT OOO0CHOBAHHBLIM WX NpHMe-
HeHHe B AHCNEeTYEePCKHX MYHKTAX TenJaoOBbIX ceTell 1 B KayecTne Thenamepa orne-
PATHBHOTO MepcoHana.

[Toapobroe ouucaiie npumensiBiuixcs B BTH runpo- i 3;eKTpodiia10rosbiX
YCTAHOBOK, 8 TAK/KE METOJOB MONGJHPOBAHHS HA HHX THAPAB.THYECKHX PEHHMOB
TenaoBLX cetci npusexeno B {14, 221,

42. PA3BUTHE PABOT NO NMPHUMEHEHHIO 2BM JiJI15i PACUETA
FUAPABJUHUYECKKUX PEXXHMOB TEMJIOBLIX CETEX

C nosigacHienm B 1958 —1959 rr. neppbix ynupepcanninx JI{BM s BTH Onia navara
paboTa MO KX NPAMCHCHAIO AIH FHAPABIUUSCKHEX PACYETOB TCIIORBX C€ reih. B 1960 r. Owlain
paspaboTant 4ATOPHTM M MPOIPaMMa PACHETd MHOIOKOAbUCBEIX THAPABIHYCCKAX cereh.
[Mporpamma Gmia cocTasiceua Anf Hanbosiee PACipOCTPAHEHIIX K 10 BPEMA IBM «¥Vpaas
[13]. Hapany ¢ yKasannoii nporpaMMoii, npeaycMaTprBalOeR Ne3aRRCHMOCTD Pacxojia no-
Al y aBOHCHTOB 0T PacTOAATAEMOTO HalOpa B ceTH, B 1961 . 6blIa COCTABACHA TaKKE Npo-
rpAMMa, YUHTHIBZIOULS 3TY 3aBHCHEMOCTD, HMCIOULYK) MECTO B DC2AblibiX ABTUMATHIAPOBAL-
Hblx TenaoBbix cerax. Hauwnas ¢ 1960 r., npusmencrnne 3BM 1a9 vecnenoBalins rHipaBig-
YECKHX PCHUMOB TEILIOBBIX CeTell ¥ POUICHMS CBA3AHHHIX © 3THM IIPAKTHYECKH X 3ajlal AJR
TENJOBBLIX Cetell PAazAMUHEIX FOPOLOR MONYUHIO IIHPOKOE PA3BHIHC B BTH. PaarpaGoTka te-
OpMH FHAPABAMYCCKMX UETCil H eC NpHMeN CHHE IS paciera TAPABAHUCCKHX PEKAMOB T€0-
JOBBIX ceTeli ¢ noMomple coppeMernnix IBM pasuupaetcs B CuGupckoM IHepreraieckom
wucruryre CO A CCCP [36].

Boabman pa6ota no pa3pabovKe M COBEPUICHETBOBAHNIO NPOTPAMM PacHeTa THAPABAH-
YCCKMX PEeKHMOB  TeNJOBHX CeTeit  NPOBOAMTCH B IOCJelhHe TOibl B HHCTHTYTE
BHUTMUsnepronpom # Kaparaniuuckom nodntexnuueckom nierutyte [711.

Nporpamma pacuera wa IBM qonkia GbITL YUHBEPCAAbHOM, T. €. OAHA H T2 XKe HPOrpaki-
MA QOJIKHA JONYCKATL BO3MOKHOCTR pacucTa 3aXpBHITON HAK OTKPHITOI TenvoBoil ceTH J1o-
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60li KOHPHTYpallH, B OAHO- KM ZBYXAHHEHRHOM H3uODaKeHUM, PeryJaTopaMH piacxold y
aboueHTOB HJAH 6e3 HHX, C peryadaropamMy JaBheimHs B CceTh U T, 4.

I'!porpamma JOdMHA TODYCKaTh DacueT CeTH C GOoa MM YHCIOM KOJICL, YuUdlTKOR, hNa-
cocoB, aboHeHTOR, COOTBCTCTBVIGIIHM DCAMLHBIM CoTAM. Cuerema MOATOTOBKH HCXOLZHEX JaH-
HbIX JOJMKHA OBITE JOCTATOUHO TIPOCTON, B nporpamme 10KCH NPOHIBOAHTLCH KOUTRGH 34
l'[paBliJ'thOﬁ ﬂO,ﬂ,I‘OTOBKOﬁ H 3aMHCLKD HCXOAHLIX JaHNLIX. Pacyer nosxen NPpGH3BOMHTBCH C
Ba,IléJHHOﬁ cTeneH bio TOYHOCTH. BPCMH CHETA JOAMHO Obith HCBJIHKO H JA0JWHC HaMenarTeen
MHHYTAMH. Pe3yabTaThl pacueTa J0JKIbL TeYaTaTbes B fopMe, yA0OHOH 1is ¥X O0OPA0GTEY
H aHajJH3a, B HaCTHOCTH B BHJAC TLe3OMOTDHUCCKOTD r-im@:n{a.

Pazpaﬁorauuue B Moc/daciHee BPEMS NPpOrpasibl pacueTa CTALHOHApPHBIN FHADaDIATNe-
CKHX pPEIKHMOB TEeNNOBLIX CCTEH B OCHOLHOM VAOBJCTDOD AT YKa3dallibiM !'D(‘f}-’l?::fH R L7

4.3, METO1bl PACYETA CTAILMOHAPHOIC NOTOKOPACNPENENEHHH
B MHOTOKOMNbUEBRBIX THAPABAWYECKHUX CETAX

Jliis pacyera HAnmopoOB H PacXOi0B BOIB! B MHOTOKOJBUEBBLIX TEITOBLIX CRTHX
B GOJILIIHHCTBE CJY4aeB HCNObL3YIOTCA METO/ibi, OCHOBAHHBIE HA PEileryl 2aMK-
HYTBIX CHCTEM HeJHHEeHHBIX a/1re0panyecknX ypaBHeHHH.

CHeTeMBl ypaBHEHHU COCTABIAAIOTCS W3 YCIOBUH COOMIOAGHHUA 3aKOHA CRIION-
HOCTH M 3aKOHA& COXPAHEHHA HEPruy, T. €. aiajoroB NepBOro U BTOPOro 3aKOKOE
Kupxroga 1151 BceX He3aBHCHMbIX y3.10B H KOKTYPOR, d TAKIKE C yUETOM 3aMblia-
IOIIMX YPABHEHHI CBA3H MEHKIY HANOPAMHK H DACNolaMi s BCEX YHACTKOB (-
tn. Kak n3BecTHO, 1ast TPyGONPOBOACE TONJIOBLIX CceTell CcnpaBeiiB Kaalpa-
THYHBIA 33KOH T'HAPABIHUECKHX NOTEPL.

C y4eToM H3BECTHOIO TOMOJOTHYECKOTO CONTHOLIEHHS

13

= g it

Fie k, p, ¢ — KOJHUECTBO HE3ABHCHMBIX KONHTYPOB, Y4aCTKOB, ya/on. 3 ofuiyio
CHCTEMY M3 p YPABHeHuH, ONpelesficulyiC CTaiHOHapHO NTOTOKOPACTIPeAenar i
8 TeNJIOBOH CETH, BXOIUT 2 HEeNMHEHHKY yPaBHeHHH BHIa

8 VilVy|—3 Hy=0. (4.2)

I8 i
H g — | anHelinbix ypapHenuil Bivla
TV, {

i

rae S;, V; — COIPOTHBJAEGHHS H PACXOAbI Hi BCEX YYACTKaX { KORTYDPA ¢ 7

-

—aarebpauyecKas CyMMa HAlOPOB H&COCHBIN ipynil Hd BCEX VHACTKAX I RKOHTY
pa ¢; V;j -— pacxofibl B y3ie j.

Jlast peureHHsi MOJYYEHHOH CHCTEMLI YPaBHECHHIT MOXET OblTe HCNUILIOPAH
Kaaccuyeckuii Metod Huwotona. Pazpaboranbl 1 NPHMEHSIOTCS HECKOIbXO MO LH-
dukannit merona Hoiorona. Kak noxasano s [36], nanGouibiunm npenyyiiecTnoy
o67aflaeT METOX KOHTYPHbLIX pacxozoe, pazpaboranmsii 8 CIM CO AH CCCP.
YacTHBIM CJYY4aeM MeTOla KOHTYPHBLIX PACXONOB ABJAETCSH LIHPOLT fpKMEis-
eMblil B HACTOSILIEE BPEMA METO MHAPABIMYECKOH YBASKH MHOTOKOIBIERBIX CeTEA
Jlo6aueBa— X apai— Kpocca. Corsracue sToMy METOILY TT0CJIe ONUPEeNcHUs HEsA-
BHCHMBIX KOHTYDOB H Y3J0B CETH, BuiOD KOTOPHIX CYILECTBEHHO BIWHET He IXO-
JAMMOCTb BHIUHCJIHTESLHOIO [Tpolecca, 3a1aioTes TPOH3BOJbHBIM PACHP LTty
PACXONOB 110 y4YaCTKaM, YAOBJIETBOPSIOUIUM YPaBHEHHIO (4.3) paa Beex ysiacs
cet. [Ipu 3TOM pacxoz BObL, IPHTEKAIOUIEH K Y371y, YCTOBHO CHHTARTCS TiDAKRH-
TeJbHBIM, BbITEKAOULEH H3 HErO — OTPHIATEILHBIM.

Ipu onpeaeseHHH NOTEPh HATIOPA B Ka#AOM HE3ABHCHMOM KOHTYPL CONIACHO
ypaBHeHHio (4.2) coGmoaeTcs CeNYIOILEe NDEBHI0 3HAKOB!  PACXOMB! ¥ COOTEET-
CTBYIOULHE NOoTepH Harnopa CHYHTAKOTCS NOJOMHUTENLHBIMH HA YVYACTKAN, UL Dac-

' 55



X O} HanpaBaeH B JAHHOM KOHTYpE 110 YacOBOH CTPEJIKe, H OTPHLATEIbHBIMH NPH
0GpaTHOM HalpaB/eHHH TTOTOKA.

B koHTypax, conepiKailliX HaCOCHBIe TPYIBl, HX HANOp CYHTAETCS MOJIOKH-
TeNbHBIM B TOM C.JIy4Yae, ec/Id HACOCH MOAAIoT BOAY (MOBBILLAIOT HANOP) MO Hanpas-
JIEHHIO MPOTHB YacoBOH Crpeaku. Ecin cosnapaemnlit HaCOCHOH Ipynnow Hanop B
3HAYHTEJNBHOH CTEMEHH 3aBHCHT OT pacxo/ia, TO €€ XapakTEPHCTHKA JOJXKHa Y4H-
THIBATRCA NPH pacuere. XapaKTEPHCTHKA HACOCHOH TPYNNBl MOXET ObITh MIPH-
6auKeHHO BhlpaxeHna dopmy.oil (2.1). B aToM caydae HaCOCHYIO TPYNNY MOXKHO
paccMaTpuBaTL KaK yYacTOK CETH ¢ CONPOTHBJIEHHEM S ..

B ofmem cayuae Npou3BOJILHO BLIOpAHHbIE B KaYeCTBe HAYaJbHOrO Npub.iH-
KEHUs: pacxoinsl (B COBPEMEHHbIX NporpaMMax 3T0 Je/naercd aBTOMATHYECKH) He

VIOBJETBOPAIOT  YPaBHEHHAM
> 3 5 2 3 5 2 3 & BuAaa (4.2) 115 KaXKA0ro He3apu-

y 5 2 5 CHMOr0 KOHTYpa, H B MPaBOH
Aqd & 7. ; 7 YACTH 3THX ypaBHEHHH GyjleT He
/ ; 6 ! \Z‘ 3 § HyJb, a HEKOTOpPOE 3HaueHHE
@ " @ |£& M =3 S VilVi|—3 Hu
C ¢

§ g 1w 8 § @ 8 g 10 .
a) 3) b) (4.4)
OObIYHO Ha3bLIBA€MOEe HEBSIZKOH.
Pue. 4.1. Cxempl pactiosioenusi CMCKHBIX KOJCIL HOS\TOMy AJS] KaXJOrO KOHTY-

pa onpejesiercs NnornpaBoYHLIH
pacxoi. HauGonee npocras popmyna Ajasd ONpeaeseHHs nornpasoOuyHOro pacxo-
Jla B Koiitype ¢, onpejeaseMas M3 ycaoBusi Ak, = 0, umeer BHA

()
Ah!

el (4.5)
L ISF' V}' ) |

AV, =K

rie xospduunent K = 0,5; N — nomep urepaunn. Ilpy nposenesuu urepanmu-
ONHOTO cuera nocsue onpegesnennsi AV, A5 BceX KOHTYDOB ONpelessiioTest yTou-
N -1
HeHHsle pacxois na meex vuacrkax V" U, [Ipu 31OM MOryT HMeTh MecTo
ABA Cayyas:
1. ¥Y4acroK siB/(gerca 4acTblo TOJBbKO OAHOMO KOJbLa. JTO YYaCTKH BHEIUHe-

ro KoHTypa ceru. JLns takux y4acTkos
VgN-,»- & - Vgh) _.__aV:.M' (4.6)

rne VOV g VM) — pacxoas! BOABl Ha JIIOGOM VYacTKe KOHTYPa € B IBYX IO-
caenoparenbHLX wiepanusx: N u N + L.

2. Yuacrok siBAsieTcss OLHOBPEMEHHO 4acTbio ABYX, TPEX MM GOJBLIEro Yuc-
Jla KOHTYPOB (CXEeMBI, B KOTOPKIX YUYaCTOK ABJAAETCA ONHOBPEMEHHO YaCThi) Tpex
H Gonee He3aBHCUMbIX KOHTYDPOB, HA3BIBAIOTCS HETIJIOCKUMH, TaK KaK OHH He MO-
ryT ObITh H300pamKeHbl Ha NJOCKOCTH 6e3 nepecevyeHust JHHHI).

Ha puc. 4.1 cxemaTvyecku H300paXkeHbl KOJIbLEBLIE CETH, B KOTOPbIX YYACTOK
4-7 koabna A sBasiercs yacteio ABYX KoJeu A n b (puc. 4.1, @) u 9acThio Tpex
koneu A, 5 w B (puc. 4.1, 6 ne).

s cayuas, psobpaxennoro Ha puc. 4.1, a, 3HakH pacxoja Ha yyacrke
4-7 B xonwitax b u A Becerna npoTHBONOJIOXKHE. [1pH 3T0M

V+O =V, — AV L AV, . (4.7)

rae AV u AV - nonpasounsie pacxomsr B koasuax A u B B N-npubau-
HKEHUH.

Paccmotpum Tenepb cayyaii, KOraa yuacTok 4-7 Koabla A sBASeTcsi OqHOBpe-
MEeHHO 4acThio Kosell 5 v B. B kounsue b 3uak pacxoaa Ha yuactke 4-7 Bceraa
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NPOTHBONONOKEH 3HAKY pacxoa B Konsue A. B xoabue B sHak pacxosa wa
yuacTke 4-7 MOXCT WH COBNANATs €O 3HAKOM PacXola Ha 3TOM YHacTKe B KOJble
A (puc. 4.1, 6). HaH ObITE NIPOTHBONOJOKHEIM emy (puc. 4.1, 8). B cayuae, ecan
3HaKH COBNAJAIoT,

(NE1) — VN L AVIN) LAV AN :
VEGD —Vith — AV - AVig —AVig). (4.8)
B cnyuae, eciu 3SHAKH TPOTHDONCIOKIILL,
(N1 N Ny & ALAN TN
VELY - Vi, —AVEL +AVEL + AV (1.9)

PacgeT notokopaciipeseie i MOKET CYHTATLCA 3&KONHENILM 0C]e TOrG, Kak
cyMmMa MOTePh HAMOPE@ B KamIOM KOJhLE B DE3YIhTATE NOCIETORATENDHBIX
npuOAHXeHUA CTAHET MCHLUIC ONPENEIENIOro Hanepen 3alalnore 3HaueHH:
AH 4 op (TONYCTEMON HEBA3KH N0TEPh HALOPA B KOBLE), T. &.

S5V Vil — S Hy | << A, {4.10)
[ <

[Tocsie TOrO KAK 3AKOHYCH PAcHET NMOTOKOPACTIpelesIeHHs, T. €. ONPeAeeHbl pac-
XOJbl Ha BCEX YYACTKAX CETH, MOXKET (hiTh IIPOU3BEACH PACYET HAMOPOD B Y3Jax.
Hanopsl 8 y3nax pacCYHTLIBAIOTCST NO KOJBLAM MOCNEJOBATENbHO, HAUMHAY C
EpBOro KOJbLd, B KOTOPOM PACTIONOKCH HCTOYHHK NMATANEA (CTALLHU) ¢ PUKCH-
POBAHHEIM HANOPOM.

44. PACYET HA 3BM TENJIOBBIX CETEA C PA3JIBYHbLIMH
THAPABJHYECKHMH XAPAKTEPHCTHKAMU ABOHEHTCKHX YCTAHOBOK

B § 3.6 fbuta mpepdoRens KIACCHQHKALHA A0UHCHTCKHE YCIalOBUR 0 HX THApandHye-
CEHM XapaKTepHCTHXAM. 1IPH STOM OTMEYZJ0Ch, YTU HAPHBIHYCIKUC POIKHMLE TCILIOBOUH
CETH, # CACKORETENBHO, M MeTOAL MX DACYeTa SHBHCHT OT IHAPUBIATCCKUX XapaKTCPHCTHE
TeRJIUBLIX NYVIIKTCB, T. 2, B OCHOBHOM QT TOIO, KaKHM OGPHSOM HAMCHCHHC i'HUPasJAnYCCKO-
IO DCKHMA CETH, BHABAHHOE TEMH HJAR HEBIMH DPHYMKUMR (HIMCHCNRC Hal'DYIKH FOPSUEro
BOAOCHAGHOHHA, HANNPA HACOCOR, OTKANOUEHHC OTUCALHLIX RUIpefuTeicil w Maracrpaded
W, 1), OTPAKASTCA HA PACXOJE BOIBL 4EPes a0OHCHTCKME YUlanouka, 310 JaLHCHT OT eXe-
M UPHCCEAMHEHHA YCTAROROK OTOMJEHHA. BEHTHIALAM, TOPAYLTY LOAOCITACIKCLIST W yOTa-
HOBARIELIX HA TEMAOBBIX [MYHKTAX JPOCCCALELIX YOI POHCIE B QUTOPETYIATOPOD.

PaceMOTPHM OCOGEHHOCTH PacucTd TCIVIOBHX COTEH B COOTBETCTBHMH ¢ YKAIAHHWIMH B
§ 3.6. THADABJHYCCKHMH X@PAKICPUCTHKAMH Aa0OUEHTCKHX YCTAHOBOK.

4.4.1. PACUYET CRTEW . HEH3MEHRIIbIMH PACXOAAMH BO/1] ¥ ALOHEHTOB

[IpH HEHSMCUMULIX, 1€ 3aDHECSUKX 0T PACNONATEMOr0 Haropa pacxofaX Boidst v abo-
HEHTOR THIPABAHYCCKKC PCKHME DOAAKINEH o 0O0pATHON JHHUE HE32BWCHME] MOMCET OBITD
NMPOH3REJEH IIUUMCPLCLILIH pacueT xgzﬁﬁrp B3 Hpx. [Ipy pacuete NOAAKONICH THHHA HANOPOM
B N2PROM Y3JI€ HBJAACICA NANCP B IO YioEM koanextope cranuyH. B pesynurate pacucra
OMpefelsTCs pPacXOZH Ila BeeX YYacTKAX B HANOPBl BO BCEX y3.13X MaJ30IECH AHHHE,
Ilpu pacuere oOpuINol AHONK 3afaeTcsd HAnoOp B o6PATHOM KoAAeKrope craHuny. B coor-
DETCTRHM € DPHH¥TUH CECTCMON 310D XIS PACX0N0R RO AHAKK NCEX PACKQOR BOALI H3MC-
HAHOTEA Hd NPOTHBONOIDAIILIE, B peavynrTaTe pactueTad QIpensfAKITCH PACXoJLl Ha BCCX
yuaCTKAX W BULOPU DO BCEX Y3AaX ofpartroll AuHEY. PacnojaraeMsle Hanmopu B ceTH on-
PeAeNSIOTCA KAK PASHOCTE MeKAY HANOPaMK B COOTBETCTEVIOLIHX V31AX NOAd0MeN B 06paT-
WOl JIHHHHA.

Ec.iu cONpoTHBIACHRA Mojatouied ¥ o6PaTHON JHHMH BCEX YUACTKOB ORKHAKUBH K HA-
COCHRE LOZCTEHIAN B CETH OTCYTCTBYIOT, TO PACXOLL BOALl B HOAANMED H 0OPETHOR AHRUNX
BCeX KOJell OAMHAKORB. B 3TOM C/Ty4Yae eC/IH COMPUTHB.IRHKEM YYECTKA CUMTATL CYMMY CO-
nperHBaes i nonaomed A cGPATHOK NKHBIL, KAUOPOM HE CTHAUNA CUHTATL PUCTQAATACMLIT
Aeaop {(pasHocTh HANOPOB B NCAZIOWEM H OOPATHOM KOMWICKTUPAX) U 3HUK PACXOI0s DO
ijﬂllHTb, KaK s A0AAWINEH AHHHH, TO B Ppe3y.abTdre pdeNerd Clpeacasialorest pacxaint
HE YHACTKAX W DACNOJATEEMbIE HALVPH B y3ldX.

44.2. ”A_C‘_:IET CETEN C HEPETYIHPYEMBIMH PACXOAAMH BOAR HA OTOHMEHHE
]

' o |
.('\f‘..‘_:

Pasgeavuuift pacyeT rujlpaBJateckoro peRuMa rnopames 1 o6paTHol JHHHA TeNJIOBOH
CETH MOMCT TPOHSDOLATHEA JUINbL NPH 32|AHHKIX HEHIMEHHEIX DACX0AaX BOAM Y a00OHEHTOS
W 3afaHHeIX PACXORAX DOAB HA cTaviMyd. Taxoll NojAXox JONYCTHM, eciH TpeGyeTes oupene-

o7



45T HOTUKOPACH PeACACHAE # HANeDi: 6 CeTH IpH pacyertioy pexnMme. B cayvae, xoraa rpe-
SVOTEA DaCCHUTATD TEIVIOBYIO COTL 11DH H3MeHeHHH [HAPALAHYCCKOro PeXKHMa, HanpHMep
AP W GHADIEIX OTKAOYEHKHX OTACALHLIX YLECTKOB MarucTpadeil, 0410BRIX Nepekawoue-
SN B CAeMe COTH. NDH MAMEHEHMi DACKNAA BCAb 1ia epayee BOAOCHAGKEeHHE B 3AKPRITOR
Cevh o HAM T CCTH C HENOCPeJICTBeL inl M BO0pA3O0POM. pa-}.-’:u.-'lebIlFl pacuer nogalouweil H
GEPATIOW MATACTPAACH HE MOKET Pellk(h TCCTABICHILYIO 3adAMYy, MOCKOJALKY PAacXOABl BO-
AR Y SSGECITOR B OTAM CAYUAC HE COXDANMMTCR NOCTOFMHLIMM, & AIMCHSIOTCA B 32BHCHMOC-
TH T [ACHIARIIEMOrO HaNopa B eoln i TOYKe ApHcoeinHenks abonenta, cXxeMel aAGOHeHT-
CHO@ YOTANOSKH M YCTAHOSIEHHLIX H2 UBOJe aBTOPery/fTOPOS.

H oofies caydae AJds pactiera nepeMeHlbY MHiPUBAHYCCKHX PeXHMOB Te NA0BOH CeTH
NGUNRLG R AGZRHA  DACCMATPHBATHES KAK €1MHds 3aMKIYTast THAPaBJIHYESCKasn CHCTEMA,
SKAGENORLES  NUAALIYI0 4 odpatnyi  JAHHHME,  HacacHbie YCTaHOBKH, Pery.aHpyio-
LM YOTPUHCTSA B ceTH M aGouenTeRke cuereMbl. lIpu 9ToM cvilecTECRHO yBeanUMBaeTCs
GHOLO Kodell B cxeme cerH. Tak, npeictanieinas Ha puc. 4.2, a B oAHOaHHeHOM H306-
pamceHiHd Marherpaab ¢ D abomentzMa Azila B asyxanieiinom nsobpaxennu (puc. 4.2, 0)
arte eoti ¢ B soabuamu i 21 yuacrkom. Oaroannciinas cetb ¢ 4 koTvuamu i 8 aboneHTaMu
fpac, 4.2, 200 BYXARICIHOM HAVOPaKe iy (PHC 4.2, 2) UPCCTaBASCTCSA Cerblo, BK/I0YaouWeH
90 KACIL B3 KOTOPHE 4 06PA0BANE NOLUOULUME JHHHAMM, 4 — OOpaTHHIMH H 12 —
AGCHLE TR KNI CHOTOMEMH, HACUCHOR YOTaoBKOM H yHACTKAMH Mogatolyeii H 00paTHOW AHUN
coTi, PRechoTPHM MOTOABL PAcseTa TeNAGBHIX coTell B ABYXAMHCHIOM H300paKeHHH B Haubo-
AGC ANOCTOM CAVHAC, KOLHA 1C TPOH3BOLMICSH DCCYJAUPOBaliHe pacxoja BObl HA CHCTEMBL
OTOIACHES. B 3TOM Caydae ColpoTHBICHHE OTOTNUTEAhIIBIX YCTAHOBOK, BKJHYatolee B OC-
HODROM CONPOTHBICHHA 3JICBATOPOS, NOABOAAUAX TPyGONIPOBOAOD U ADOCCCABHLIX wa#o,
MBARCTC TGETOSHHOM BCAHYMHOR M YSACTKH, NPCACTABANIOILHE OTONHTEAbHbIE YCTAHOBKH,
SUAROTON TAKEMH e UGCTORNHBIME THAPABAWYCCKHMH CONPOTABACHHAME, KaK ¥ Y4YacTKH
P YBONPOBGAUD TERACGROR CeTH. NCTaHOBKU TOPANCTC BOA0CHAGKCHHA, KaK NPaBHJO, 06o-
pyiobailii peryasTopaMu Temnepatypul. [losromy pacxoj cetepofl BOAb Ea ropsuee BOAO-
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Pre. 4.0 CxeMa TeNJuskX CceTeit:
G = MArHOTiaEs © IINTRG AGOUENTINA B oaioaireiiszon  GolpiKennH: 9 — 10 Ke B ABYXIHHCITHOM
HALEM T, 8- £eTL U MOeTLIHMS Koot H BOCCMLEG alaenramit B OLOSTHHERHOM Hanﬁpax{elmn:
w NG At B ABYXTRECAMOM M30OPAMCHEE; i YIRCTAN YRAIGUR (OGPOTHRAEHHA H  pacxojibl BOAR,
L GALETALHD AAARAECHBIC TN HHEINTC0) W ML ERNEe B Re3YaRTATe pACHETA {B 3HameHaTeTe)
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cEafKCEe GNPERTIARTCA UL HATPYAKOA TOPAYEro BUACCHAGMEHEA # TeMNepaTypaMit ce-
TeBULl BONEl ¥ HE 33RHUCUT UT PacnoNarieMoro wanopa B CerH 1, JanaHunie pacXoibl CETEROH
BOAL HA TOPFNee ROTOCHADACHAE Y afioHenToRn QN oTKpuiel cHcTeMe TenJoCHAOKEeHH %
APENCYaBAFTIOTCA NPR THAPABANYZCKOM DACHeTe CeTH B ABYXAHUEAHOM RI0ODAMEHHH KUK
COUTHETCTBYINIKE COpOCEl BOLL B TOMKAX 0T6oNa (ToMKH 2.3, 8 %uapuc. 4.3, 6), & noaumnL-
K& TeNIoBOH CETH HA CTeHUHY - - KAk NPHTOK BOJRL B COVTHCLICTRYOITLY K0 TOURY, O0bI4HU B of-
pUTHYIO JHTHIO CETH lLeped uacocoM (TouX3 4 Ha pKe. 4.2, 8), [puTox pageH CyMMe BieX
¢Gpocen. 1IpH SAKPLITUH CUCTEME TeRNOCHAGKENRH PavXOA CAaTeROR BOILB Hi BCCL MO0
rpepaTefib TopRUEO pogocuabmenkst TIPH M2Pa/AiuENOlNl CXeMe HAK Ha BTOpYWw ciyneih
NOZOTMERATE S HPH CMEDTaNHON CXEME IPLACTHBNACTCS KAK cBPOC H BPHTOK (OUAAHAKOBKE 1O
TMAYEHUIO) B COUTBATCTBYIONIMX TOukax aboncirteknd  veranoskn (3. 6, 12, 13 wua
pic. 4.2, 6), B 32sHcuyocTy o TOTO, HY KAKYIO NOT2p HATIODE PUCCUHTALL TEBATON OTOHTH-
TeAbNON CHOTUML, ABOHEHTCKAN YCTAHOBXE UDMIKIA DACCMATPABATLER JHO0 KAK DU yuac-
TOK, 6CTH NOTCPR Nanopa MEXIY ToukamMy 0Tdopa BOIR Hd TupHuLe BOLOCHAGKeITHE PABHA
BCEMY PACHOJLATUCMOMY HANODPY B CCTH (pac. 4.2, 8, afionents 2-3; 5-0), Tu60 Kax J(R3 HIKH
TPH YUACTKS, LCTH RMEeT MeQTO NOTePH HUllopa B NGAR0TALLN X IHHASX HAH IPOCCEabHbIN
fafBax, yeradzpHBaeMpx, HATPAMER, 400 OBECMenEHU S NPONOPUEOUATRHOW DA3peTl YJIH-
OBRH OTOUKTCIBILIX CHCTEM TPH Haiduui Fopsuero potocsabimenys {aBonenTsl 7-10,
11-14; 15-17 ua puc. 1.2, ).

JInA rriApasIudeckero pacueta CUTH Z0NMEHN GRITE liZBECIUL]  CONPOTHRASHHS BCEX
yuacTKoB, COnPOTHBACHHA YH3CTROB HORAICILEH B OOPATHGH auknf (TOPAAOHTAJIbHBE YUacT-
XH 1 IBYxAunciinuf cxade) H3BECTHBL 3apanes Mo UX AHaAMelpeM | anpraM. CoTPOTHRICHHA
ABOREHTCKUX VCTAHONROK (REPTHREALLLIE YHACTKH B ABY XA HAOR CXOeMe ) 2ADANHEE HEHIBLCT-
HE[, TIOCKOIBKY aHY 3ARHCAT OT pﬂCﬂO.TIZlI'{dPMl')F{‘.\ Hailopra L TOYKE MPHCQEIHHCHAH d0uncina
MPH pACUCTIOV DOANME, DPH KUTUPOM MPOKAROIMTCY PCryARDORKA TCIAO0BRIX NYHKTOT B
VCTAHABAHBMOTCH € ROMOUWULI CONTEETCTRY IO A ApuCaedhH kX YCTPOHCTE paciciuue pac-
A04M DOXBl HA CHOTSMBL OTORALIER. MasToMy nepe) paceTon fepeMenlislx CRApananrerwx
PEAHMOB COTH B ABVX.AHHCHIIOM RAOODAMKEHAH 0. AKIib GHTL NPOMIBEACHLE THAPARAK TOCKKE
PACHCTEL OTARABHO NOLAWUICH U 0ORATIHOH JIEHMH CeTH apM PACHETHLIX PACXOLaN 80kl HA
pTONAEHNE ¥ AGOHEHT S W 3udaRiEIX HATOpAX # UGTA0MeM K 00paTHOM KOMJICKTODAX HA nEl-
pogax TAIL

B puay/mbTate STHX PACUETOB CHPCASTANOTC HENOPL BO DCEX TOAKAX 0ZAIWCH 1 06-

4TIOH JHHHH, I'0 MX PasHOCTH — PACOoagracMuie HATORE ¥ atoneniop AP, W CQNTPOTRE-
p n6

Zenns a6OREHTOR 10 dopMyde Sug = Al/(VEY? rre Vg — pacaeringid pacXon RO Ha
oToLACHHE, Spg — CONPUTHBACHMSA OTOMRTEInHbIX YCTalUBOK aGOHeHTOR, Iy pacueTH
MOFY1 BUITOJTHATHER ATOMATHYCCKI NO cnel(HauHol TOANPOT paMMe.

Moce Tora KaK ONPele JCHbE COMPaTHRIECHAN BLCX FHaCTROR, CETDL B ABY XJIMICHIIOM K320-
GpasseriHR MoAKer OLITL paceUdTand Ha DBM 0 oI KE NNOCPAMME, YTO | MHUTOKOIhUeBA A
ceTk B OHOIHHCHNONM H3UOpPaXEHHH TPH NOCTUATITBX PAcXOIaX BoAR ¥ 4OuneHToB.

[1a pue. 4.3 npederapieit PesYAbTaTe pacucTa MATHCTPAMN ¢ IIITLIO ABORCITAMHM,
K3o6p AMEKHOM Ha PHC. 4.9, @ u 6. Pacuersulit pacxo 54 OTOLAGHAC ¥ JCCX dQOHCHTOR OAK-
paxor u pasch 200 m% 4, CeTh—c HEMOCPRACTBUITIEIM noropaifopom. Pacxod woxw 1a TOpA-
vop ROJOCHAOKCIRE ¥ Deex ABOHEHTOB vadnakos K paser 100 w*/w (1 0,5). llpa pacter-
HOM pexaine (podopazfop OTCYTETRYCY) (AN HA CTENLAL 88 M, manmop y nocaeinerc ato-
gerta 23 n, [lorcpi HANOPA HA BeeX yHACTRAX M0JAI0UEk # oBpatuott anii OIHHAKOBL K
parkn 6,5 m, Mexoad B2 5TMX  yeaosH Oeny ofpeieftdul CONPOTHRIRHHA BCEX YHuli-
KOB CeTH H alunguron.

Pexnmil ¢ vogopaabonay K3 HOALIOUECH AWK PACCHNTLIBATHCE A0A JBYX HAPHAHTOB:

1) OpH OAAHAKOTHX Y BOEX A60HTINOR HOTHBIX HINOPAX B (O4KAX OTOOPA BOALI HA TUpPA-
yee BonocHalAccnme (o Tovkax & u 9, ey puc, 4.2, 0. IToreps Lanapa B 3(CRATORAX 0TVIH-
celbHLX CHCICH Beex AG0NCHTOB UPHUAMAAAck DARHOE 15 M. IT0 YOJIORHC NPH OIRHAKOBLX
IIHCXO,]IHH. HOMEL MHa l'f,![‘iﬂ‘lf‘.{-: HO_—'[OCHHG'JKE‘III{C‘. OOeCIesHBdeT l'l’l'll‘.'l'IOpL'LH{'lHH.'[bHOﬂ HIMCHCIIHE
pacX(J,l]Uﬁ HOUIRL Ha OTOIIENHe ¥ BOCX EiflCth"ﬁT{)E‘i;

2) TP Hanopax K TONKAX prbupa BOLK, DABHEIX HATIOP3M D Mo OIeH B 00paTHOd K-
HHHX CLTH (KaK v afloneHra 2—3 wa puc, 4.2, 6),  T.¢. IPH YCIOBHEX, He ofecicursamm X
NPOMOPUHOHANAH VKD Pa3PEry AMPOBRY NTONHTEILHLIY CHETEM.

B KauseThe HCXOLHMX SUndBadiCh AMIOL PACXOILL BO AW Ha NG10pa300p. Jus papranra |
[0 TEOPETHUGCKOMY PACYCTY OTHOCATEIbHLA PATXOXL BOTH Had OTOINICHAC JIpH sogopasbope
W3 MOAAOIEH AHHKK cocrastseT 75,5% pacucinoro.

Kak BRIHO K3 pre. 4.3, @, NOTYUEHHKIE B PCIYALTATE PACUETA 14 OBM pacxoaH RO Y
peax 4G0HENITOB OAKHAKUUL M B TOUROCTH PabIili TROPETHUICRIM SHAUCHHIM. LA wapranTta
2 (puc. 4.3, ) pacavil BUALL Ha OTONIENAC 200H@HTOR TIPX nogopi3ope cyulecirRedno pas-

JENHDL.

! HMayeHenng pacioaaraeMoro Hanopa Moxer B pRAC GiyHacs Koeeenfo DAWATH 113 Pac-
X0 CeTenGil BOJL Hy Fopwuee ponocHAGMeHE B CBAIR C H3IMEHEHHUCN TeMOeDATYPH ROTb,
PHXOJHIMEH H3 CHLTCMLT OTONNEAUA, MTPH HIMCHOHHI €8 PacNoId.
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B cern, nsobpaxennoit Ha puc. 4.2, ¢, 4 Xo/blla, a NPH ee ABYXJAnHellHOM H300parKeHHH
oflllee UHCA0 Kodell B ceTH paBHo 20. Ha pue. 4.2, 2 npuBejieHbl CONPOTUBJIEHHA Y4dCTKOB
CeTH, a Takxke pe3y bTaThl pacueta nNpH Hanope Hacoca 100 M.

Ha puc. 4.4 npeacrapieHbl pesyabTaThl pacueTa rHADABAHYCCKHX PEXMHMOB TEIOBBIX
ceteit Apyx TOLL npy HX napaijeabHo#l paboTe B YCJAOBHAX HEnocpeAcTBEHHOTO BOAopasGo-
pa. Cxema ceTteil B ofHOJRHeliHOM H3o6pakennH (pHc. 4.4, @) BKAKYaeT S KoJell, 4 B AByX-
nuHeliHoM u3obpakenuu (puc. 4.4 6) — 56 kosen.

Ilais paccMaTPHBACMOTO MpHMEpa pacieTa ceTH ¢ HeNOCPCACTBEHHHM BOAOPa3BbopoM coll-
/1a 51eBATOPOB PACCYHTAHE HA BeCh PACTONAraeMblit HAaNOP B CeTH, NOYTOMY KaXawil abo-
HEHT PECCMaTPHBAJICH Kak OfANH y%acToK ceTH. [l I% onpefesienus pacrosaraeMbelx Hanopos y
aBG0HEHTOB NPH PaCcyYcTHOM peXHMe, HeOOXONHMHX JAJsl pacueTa cOPOTHBJIeHHIt a00HEeHTOB,
NpPCABAPHTEIbHO PACCHHTHIBAAACh ceTh, H306paxenHas puc. 4. 4, g, IpY pacueTHBIX pacXo-
Jax Ha OTONJeNHe, 3alalHbiX pacxoax oAbl oT 06eux T v sajannbix Hanopax na oAHOH
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Puc. 4.3. PesynpTaTsl pacuera ceTu (puc. 4.2,6) npu oaopaszGope H3 nojawomeii JHHHH:

g -—— UpH OAHHAKORRIX NOTCPAX Hanmopa B 3APRATOpax; 6—”[.)“ MaTepax Halopg B 3IJCBATOPAX, PaBHBIX

paciiodaraeMbiM  anopaM Ha BpBs0AaX: H8 YUACTKAX CeTH YKA3aHL! pacxoibl HOALL, TMPCIBapHTEILHO
3aZaBacMble (B YHCAHTeJe) H MOJyuelHMe B pesyJbTaTe pacyeTa (B aHaMeHaTeac)

us cranimrit. ITocKOJLKY B KOJBUEBHIX YYaCTKaX CeTH HMEKTCS HacocHad MOJACTAHLUS,
a Taxe 3aKpbiThle 3aBHIKKH, NNOTOKOpacnpejesiedne B nojawouwei H o6paTHOH AWHHAX pas-
nuuno. INostoMy nporsBoaHacs pacyer Kak nojawoeil, Tak u o6patnoit aunuu cetd. [locae
OTpejeseHHs COTPOTHBAEHKH aGOHEHTOB NPOM3BOANTCA PacueT CeTH, H3o0paenHol Ha
puc. 4.4, 6. [Tpn arom Bce pabOTAIOMIME HACOCH! 3aJAIOTCH HANOPOM HJH XdPaKTePHCTHKOM.
K pomc Toro, npy pacuere peXHMOB CeTH ¢ BOAOPa3CopoM 3aj2eTcs pacnpenenenne pacxonos
HOJIHTOYHOH BOjib o7 00eurX craeunil. Ha puc. 4.4, 6 npejctapieHbl pe3ylbTaThl pacuera
COTH NPH ABYX pexuMax: Ge3 popopasbopa (HOUHON peXkKHM) H NPH Bogopasfope H3 moja-
uieii AHHEMKU. B pesyspraTe pacueta NPH BCEX pexkUMaX ONMPCACACHBL PACXOJBl HA BCEX yHaCT-
Kdx CCTH H Y aGOHCHTUB, 4 TAKK¢ HaNopbl BO BCceX Y3/J4aX CETH.

4.4.3. PACYET CETEM C PErYJSTOPAMH PACXOIA ¥ AGOHEHTOB

[Tpu pacyeTe rHAPABAYYECKHX PEIKHMOB TENJOBBIX CeTEH C peryiasaTopaMy pacxona, 0co-
6eHHO NP4 ABAaPHIHEIX OTKIKYEHHSIX OTAeAbHBIX MALHCTPase, MOXKeT 0Ka3aThCHd, UTO y He-

KOTOpbIX aGOHERTOB pacnonaraemble Hanopbt Agg Menbue ANE™, npH KOTOpOM pery/isTopH

pacxojia NOJHOCTBIO OTKPBITH.
Ecan Age << AL, TO peryasitop pacxofa MOJHOCTBIO OTKPHT H CONpOTHBAEHHE

3T0ro aoHeHTa ABAACTCA MHHHMAJbLHBIM!

ﬁ"""
gun — =9 (4.11)
(Vie)’

Ecan Azg > ANM, to perynsatop pacxofa OTKPHT HENMOJHOCTBIO H €ro COMPOTHBJE-

HHE
Sac=A4as/(V2)*. (4.12)
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Pue, 4.4, PeaynrtaTe pacueTta TENNOBHX ceTed MPH napaaneabHofi pabore T3LL 8 ycno-
RUAX HENOCQeACTREHHOrD BoAopasbopa:

- thiesa CeTH B ONHOAHHEAHGM H3ICODPAMKEHHH: V SCOHCHTOB YHKAIEBHLE  PUCHLTHINN  Presoy soane

pronneRye (M) (B MECAWTEAC) W pacxos BoAR He (opguee sojocHalikcHie (B aHaMeHaTens); o --

CXEMHE CETH B JABYKAHHEHHOM H3oOpaskKeHMH H DESYALTATHl PACZETa JpY BOACPasbope HI nogauhH

aMuud. Ha cxeme yWasawm pacxonms noAH, w30, 0 HATOPA, M, OPR ABYX pemHMax: (e BOIOPAs-
Gopa (BepXHee WWCI0) W ¢ BOANPAICOPOM

fil



HIOCHe ONPeACIEH YR 1O NpHBCArtaM (POPMVAEaM 3SHaYeHHH S, BHOBbL 11DOH3BOAMTCSH
DACUCT HOTOKODACNPEleSIeHHsI ¢ HonkiMy 3HaucHHAME Szg. Pacuyer 3akaHuuBaercs, Koraa
GTHOCHTeNTbHASE PA3HKIA B JHAUCH#Y (GNPOTHRACHHA BceX abOHeHTOB B JABYX MocJejo-
PuTLIBHEIX NPHOMHMKCHHAX CTEHOBNTOS MCHbIUC 38JaHHOTO SHAYCHHA.

Pe3vahTaTul pacyeTs NeuaraioTes e ToAbXo 8 TalyH4nof dopme, HO M B BHJAE Nbe3o-
ACTPEMECKS X TRAPHKOB 10 3aid iHum marnerpaanm. [levataloTces Takike cooTBeTcTByIOLHE
OTMETKH MECTHOCTH.

4.8, OCOBEHHOUIW COBPUMEHHDBIX NPOFPAMM PACHETA HA 3BM
THAPABJITHYECKKX PEXHMOB TENMJOBBIX CETEH

NOMORHEOHYE CXOM TeIAOBLIX cer
(kX 3aiaM, WHPOKOC pachpocrpancsie HporpamM pacyera rLjpanaHuYecKHX peKHMOB Ten-
JogliA cetedl B BBIYHCIHTEJLHLIX [eHTPaX SHeproCHCTeM H APYIHX OPprain3alHi NPHBOAAT K
HCAPCPHIBEuMY COBCUICHCTHOBaAHH HPOIpaMM, B nacroswee spemsa rakue paboThl BEAYT
8 OCEGUHOM B CACAVIOHHX HalpaBJJorH X, COBCPWICHCTBOBAHHE METONOB CcyeTd; ynpolleHHe
HLUTOTOBWH HOXOAHOH HHPOPMEUHL B KOHTPOAA 34 ee KAaYCCTBOM; NOBbILIEHHE HAMTSAHOCTH
PEIVILTATOR pacdeTa H o0aerdes e HX HCHOAL3GBaling,

i, TRpebSUBJHA IPAKTHKHM O PACIIHPCHHH KPYra pelua-

140.L COBEPIMEMCTBOBAHHE METOLOB CHETA

KoK GTMEUATOCH BLILE, CHCTCMJI UCIHHCHEBIX ypaBHeHull, onpejenswlilas noTokopac-
HOCHEACHWE B COTii, DCLUIBETC MOTO(OM ATCPAUMH NYTeM onpejelleHHs NOoNPaBOUHBIX pacXo-
206 AV zas Beex peidpHCHMBE KouTypos ceTH. Kak noka3sas oneliT pacdera TenJoBbIX cc-
refi, ocoborHO B O ABVIXAHHCHIOM B206DAaMCUHE, KOT4d CONPOCTHBAEHHS! YUAaCTKOB KOHTYpa
CTIPUAICTCR HA HECKOJALKO MOP»Ixon. cepbesdHoi npodaosvoli apiasierca obecneyerHHe cXo-
OCTH JTPOLeCra HTCPaTHBHOIO cueTa, BRcHUIOCL, YTO onpeleacHHe NONPaBOYHOrO pac-
xean AV. o gopmyae (4.5), 1.oe. ne merouy JloGawesa—Kpocca, Bo MHOTHX ciyvanX ne obe-
SUedEBECT CXOARMOCTH Ipouceca, ocuGUeiio Ipi HEMIOCKKX CXeMaX, KOIjla OAHH Y4YacToK
SXOUHT 4 TDH KOJbLUA H 6070¢, 4 TAKAE KODjJa B IPOLECCe CHeTa CONMPOTHBAEHHA HEKOTOPbIX
VUACTEOR, Ha KOTOPBIX YCTAHOBACHLD POIVAATODB pacxoda HJH J1aBJAeHHS, H3MEHSIOTCHA
AN DGATePIKAHKMY 33JaHHLIX NAPAMeTPOS B HOABISIETCA BTOPOH UHKJ HTepaUHi,

Havadu pa3palavbiBaTLCs MAITCMATHYECKHE METOAB PacueTa B NpHEMbl HX HCNOJAb30BA-
H19, KOTOPBLIEe ¢ MEZKCHMAaNBHON BeDoATHOCTBIO 00eCeUHBAIOT B 9THX YCJIOBHAX CXOAHMOCTh
drepAlNOHHOro npouecca.

Exauase npeanaranoch ciu#are sosGhnitnert K 8 Qopmyae (4.5) Aa8 YMeHbLIEHHA
WV, 114], 3atem Gblaa npepaomens puopMydaa JAad onpeieeilns NonpaBo4Horo KOHTYPHOTO
pacxuAa, ACHOAb3VIOWad Moludrkanxo JI. Buxanly Meroia Heworona—Padeona [36]

¥ :
Ahg . (4.13)
AR B sign (VIV) S,

c

AV‘ I\f by o

\’ 25 .1 e
=iV Sos; | vV T

C

L

s oranuse o MeToa Jlobadcns — Kpocea, rie snadenns A V(f‘\"*- Y onpeaeasiiucs nocae-
A0BAT2ALHO AAS BCEX NE3ABHCHMEIX KOHTYPOBR HPH HEH3IMEHHBIX pacxolax V:N’ Ha Bcex
VUUCTKAN, B PACCMATPHBICMOM MCTCI NONPABUYHBIH PACX0l B KOHTYpPe € cpady XKe H3IMeHs -
T PacXolit BOALI Vf."\:’ Ha BCEX YUACIKdX 9TOI0 KOHTYPA H Pacyet NUNPIBOYHOIO pacxoia
CACAVIOWETO KCHTYP4, KMEIOWero cOIIHe YHacTKH € KOHTYPOM ¢, BEJETCH YKE NMPH YTOYHEH-
Hbi¥ DACXOA#X Ha 3THX yuacTkax. vciioabayercsi TaK#e MeTo] MHHMMYMa 3aTpaThl MOULHO-

cTi {72}, NpH KOTOPOM MONPaBOYHLIL PAacXol B KOWType ohpegeisercst 0o popmyae
APVED ,4(‘.\3‘ —sign AE_"\ ' sigin F:',‘\"’ V‘[ F:N’ \ .

haty ]. V) |

LA i Py ."_k.f'.".. N . N
rie ALY ‘: e B! ) - = ¢ Fi-'\}::[Af-f\’]E""B‘[- )
NS sign Vi ». 8; sign ViV
[N C

i HPCTrpaMMax HPeAYCMarpUBac Ty BOSMOMHCCTh NpOBeJIeHHA HTEPAllHOHHOIO CcHYeTa pas-
SHSERIME METOZdMH, BL*,IJ.E!TL'H KOHT 200Th 328 CXOIHMOCTRIO mepaunﬁ, H IPH HeoOXOAHMOCTH
CCVIECTRA R2TONR ARTOMATHUCCKH I nepexoji 0T OAHONO MeTOd MWTePAaTHBHOTIO  cUeTa K apy-
[RE15 0
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CyIWeCTBOHHOE FHAYCHHE KMELT Jaluilie 1a1atbHOrG HPAGANHEHEA  TaKHM oGpasum,
470681 0130 BHAC BOMOKHO BIUKE K HCKOMOMY Pemenwio. Pacxoap Ha vaacrias V!, mpa-

HHMAEMRIE B KZNCTIHC NAYAALHOrD NpaGIiKeHHst, MOUY ¥ ONPCAeRiThcs V3 PRUIeHAS THOTE-
MM THHEHHBIX '_n,'paunf?:nu"l. COCTARJIEGHHBIE JA51 BUCX He3aDHCHMBMY KOHTVDOR,

: V& v MV, o,

pre VY pacKUA BUALL B yMUCTRAK, UDERCIEHHBE 8BTOMATHUCCKE 10CAe QDpPMUPOBA-
HEA «aepessy corn, [T «aepenonMy ceTH OHHMAETCR CKiMi, BRUUHAIOULARN BCe YIACTKH 06
TH, 33 HCKSIGUCHKOM XOPA, T. e YUHACTKOB, NPHEALMIKBIEL TOILKU DANCMY ¥oHTY Y. Kpo-
Me 3110 cnoeeda nprMenneTcHs qPYIoH, NPH KOTOPUM J8L8I01CH IAHE&RRLHLIC NPHGTHKEHUR
HE XOpPaxX, ABATIOMAXCS NOTPESHTENAMH, PHECX0IW RPRUHMAICTON PAAHMMUA DICICTHARIM C
MOCACAYIOUIHM HY CYMMEDORAHHCM TG €AePOBY Y CUTH.

KAK GTMOHAAGCT, NPONGEE KTCPALH T 0Ca0mu et MIMERE THEM COMPATHRICHHT Peryas-
TOPOR PACXDL H PATYISTOPOR AAKICHHS,

JLis yMENBInCEKS IMess YIACTKOB C 1IPCMUNTILIMH CONMPUTHBAFHRAME PRFV.IATOPOS
DACKUEY NFUMENHOTCR CAAYIOMMNA HDHEN, B Uprilerce c4eTa na yUacTkaN, 1ie YeTaHoBAe-
AW PALYASTOPE PACKOAR. CPABIMBAETCS HMOTYIeHBOE ZHANRHAC A ¢ AJEY Eear Ayg <
< AYU g peryasTop HOSNGCTLIO OTKPRT W ero coNPeTHRACHRE, vnpeleasexnoe mo (411},

S
AerIMen o, B NPOTHRHOM CAYYAE Pel ¥un10p NAXOZATCA B 30HE DEPYIIPOBAIIHSL [Mpn 2ioM

AMECTO TOrC, M110fbl ONPEIBAATL L0 CunpurHbaewe, ofCNCUHBAOUWICE PACICTHLN Pacxog
VP, ama {4.12), 3107 yHACTOK ACKIIGNACTCN H3 CXEMB CCTH M JIMCIDIETCH CTOKOM W3 ¥aaa noad-
e anan ¢ pacsoaom VP W TAKHM #¢ HPKIOKOM ¥ COOTRETCTRYIONME  Y3ed oGpaTHOR
JHITHH.

HrepallHaiinas  yeu3Ka  conpoTHRIendl Peryasiopos 1asACuns IPOHABOIRTCH HH-
u.;prrcnnluwl‘.'{ 0 HeCKOABKHM 3HAMEHHANM COTPOTRBASHHH Perynuiopor JanieHHs HA npe-
ABAYULHY HTCPALMY X,

162 YAPOIWECHHKHE NONrOTORKH MCXOANNOR WHHECOPMALKH H KOHTPONR
34A EE KAYLEUIBOM

B conpeMetily X DPOTPaMMax (PUPMHPOBENKE KOHTYDGE NPOHBBOLNTCH ABTOMATHYE-
ckit. g arars AOCTATOMHO B HOXORANLIX JALVRYX YKAZATH HAMMEHOBEHHA HAN NOMEpd Ya-
MOB HAMATA ¥ KOHUA YH2CTKOB lcaamwmed auryn. 1o 3anainio Syluer cpupMaponana cxema
pof@IcHyX AMILEH. GOPUTHEIX MM UK, 4 TAKKE CXEMA COTH B JBY XAMHCHAOM HIOBPAIKEHHR,
[pn 5T0W GYAYT YUTEHb! Jd1ublibIe PAATHINE OTAGIbHEX yualikos nojunei w ofipatnof
annad

ConpoTHDABHHY YYACTKOB ceTH MOFYT OhlTb 32MaHbl HCNGCPTACTOCIED MM MOIYT ONpE-
ACAATHEA 0O 38MAH LM AKIMETPAM, ATHIAM, KOABPHUNCH T M WICPOXOBATACTH W MECTHLIM CO-
npoturIenusn. Tocaeaune WKW MOCYT 32A4BATLCS KOMMEHUKITOM MECTHAX NOTCPE, HH
AOACUHTBIBATLUN [ 3QJaRHRM MECTHBRIM CONPOTRBIICHR M H :ma(brtmlweuram HX FHLDABJK-
HeCKHX CONPOTHDACHH I,

He TpefyeTes 3aJARATL NOPHOHAYA LHLIC PACKOINM Id BeeX YMACTKAX COTH. 310 peaTH-
AYRTCH NPOLrPaMMOil Ha OCHOBATHN 32JAHNBIX PACROLOL UL ¥ rotpeHnrenell HAH 3d1dHHLIX
coNpOTHBACHHE moTpefutenell w HANCpes racoced. Pacxoas soiW Yy narpeCHTeNEd MOTYT
TAKKE OUPCACAITHUS TPOrPAMMOH NO SAALHHBIM TCINOBEM HATPYAKAM QTONACHEH, BCHTH-
ASIHH M LOpRUCTe BuloCHASHCRHS ¥ NoTpeORTWICH @ YART KUY PACYORAM BOSb HE ITH LH-
AM TERNOBUI 1arpy3ki, OTHOGCHYRAbHAS HAIPYINA FOPAYCTD BOHOCHAOHEHUA, 8 TARML LOOT-
RoleHke 0TB0Pas B2 HOAMOINEH W O6PATIOR AMHN I OTKPLITOI Temaaroi CeTH MOTYT OBTh K3
MEHEeHbl LLIDDPEMEHID ¥ ACeX A00HSHTOR.

[T 3aaa1HE MOMKET TPOH3BOIHTLCH pELHCT NoAaWiel AnunK, o6DaTHOA JIHAHA HITH pac-
geT CUTH D ABY XJAHHEHHOM H300pamCUHy, B noeaesuem cayiae cONPOTHBASKHA a00HCHTOD
OnpezeTmoTed MHOrPAMMOIT 10 PRCDUTATICMOMY HaTOPY, OfReACACHROMY Ba OCHoBaHHH
IpCABAPHTRIRAOEG DACYETA noAa el ¥ oGpatioll TuiiA. LIpi HATHUHH B BB ACOITETHhROM
UCHTPE APXHREA, B KOTOPOM XpaIfTeA coegelus of yuacTKax coTH H aboscarax, 3Tn Nakuke
MOTYT GWTh BRIODANE H3 #]XKEZ JUTOMATHICCKR ¥ HCROTB30BANDL B KAMCCTIE HOXQNEX 1A

pacuera THIDABIKULCKHX PCAHMOD.

450 MOBMMWEHME HATHANHOUTH PESYJIULTIATOR PACHETA
W OBJEFHEHHE HX HCUHUILIUBAHHKSA

Hauboiee parasino RedVaAbTaThl PRCHCTE THARPABAAYECKHX DEeRHMOR NPEICTARIAIICH
B BHAC NLCIOMETRHUCC KX TRpafHKos, [Tosromy poe CODPEMeRENE NLATPAMME IIPCIYCMaTPH-
BEIOT BLELAYY (e3YThTATOR P2CUETA HE TOJLKC b pRAC TABAWIL 10 i B BHAR ilbeomeTpaiec
RHX TPAhHKOE 00 3371aMHBM TenioMaruerpanss, Ha nhedomerpuiecKHX TPAQHKAX 8 Jalair-
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HLIX MaculTaBax RamopoB M AAHI NMENdTAITCR HANOPs B y3aax nolakimneR i oGpaToil
JKRIME, HATOpPW HACOCOB, d TaKke OTMETKA MECTHOCTH. Ha ocnoBaww# JIHHEHHOH
AUTCPHOARTIHA  eYaTAlOTCH yKalaHHHe NAPAMeTPb H Hd yHacTKax Memay PACYETHBIMH
yaramu. TevataeTed TEKKC CONPOBOKRAAMIAA rpaduk wudopManas a LTHHe YUYACTKOB, AH-
BMETPﬂx,nnTepﬂx KaNUpU 14 YYacTKAX, HATICDAX B y3JuX.

fo AanaHEio W3 oOmel TaBaMNN PE3YAbTATOB patdeTa MOMeT BMOMPATLCA H CTACADID
NenaTATheA RH(POpMaLUMS 06 Yanax, HATIODH B KOTOPLIX DHIXOAAT 33 YKA3AHUBIE B HCXOL-
HEX NAHEBIX AONYCTHMWE npeiedn, W 06 y4acrwaX, Yaelbuhe NOTEPH Ha  KOTOPHIX
MPeRRUIAIT LONYCTHMLIC,

I'aasaqa naranr

FMAPABJIUYECKUE PEXCHMbI 3AKPBHITBIX CHCTEM
TEMJIOCHABXEHMUSA

PacyeT rejpan/MUCCKEX DEKHMOB PA3BETRTEHHBIX H MHOTOKOJILIEBRIX cerei
¢ DOABIIUM YHCNOM afOHEeHTOR, KAKHMH SIBASIOTCS De4/IbHBIC CETH, MOMET Npo-
H3BOOHTBLCH JHIUB ¢ MPHMEHEHHEM C{JBpEMEHHhIX CpeacTs Bbl‘{li{lﬂ}{T{‘.rthOﬁ TeX-
HHKH METOIAMH, H3J0MAEHHBMH B NPeILIYIIeH raase. (nHAKO HeXOTOpbie Ofi-
[[HE 3aKOHOMEPHOCTH THAPABIHYECKHX DEXUMOB MOIyT BeITh  OMpCReelkl
AMANUTHUCCKH NDH PACCMOTpeHHH HICATH3HPOBAHHHIX CCTEH ¢ PABHOMEDHO
pacnpeneaeHHoi Harpy3Kofl, EenpephBHOR HiH AMCKPETHOI.

TTOCKONLKY THAPABIWYECKHE PEXHME 3AKPBITHIX W OTKPLITBIX ceTell CyniecT-
BEHHO PA3JAUYHKI, OHH PACCMOTPEHHI PARJIENLHO B IM1. 5 H 6. B ofenx riapax CHa-
9ATa PACCMATPHBAIOTCH WEAJHIHDOBAHHBIE, A 34TEM PCAJLIEE TeIVIOBKE CETH.

5.1. HIEAJIH3HPOBAHHAN CETh C HEM3MEHHBIMH PACXOIOAMH BOADbI
Y ABOHENTOB

5 1.1. CETb C PABHOMEPHOH HATPY¥3KOH H OAHHM HCTOUYUHHKOM NHTAHHA

Ecau narpyska V, pacnosioxena e b KOHIE CeTH AJMHON L. a pacnpejeeda
paBHOMEpHO {vy, = V/L) N0 AJHHE CeTH NOCTOAHHOTO AHavMeTpA (S = const),
TO CONPOTHBJICHHE TOCAEAHEH ONPCLENSIeTCa CAeyromunM ofpasoM {puc. H.1).
[Torepsa Hanopa Ha ydacTKe CETH dl. PACHOJOKEHHOM M3 PACCTORRKM ! OT KOHIIA
CeTH,

% Vi
6 — Sy, V2 dl - Sy, (—‘L’s z) dl Sy =Sl

Mpounrerpuposae ot O Ao L, NOIyIHM
Vi s ]
6 = Svn !-a T LERE 3 S
[Toteps Kanopa k ceTd & MpH TOCTOAHHOM YAE/1hHOM COMPOTHBEHLK 1 PABIOMED-
HO pACTIpCAeeHON HarpyaKke B 3 pa3a MCHLLIE, YeM Mpi PACTOJOREHHH BCeH Ha-
FpY3KH B KOHLE CETH,
FEeau AArPYy3Ka COCPeAuTOlueHa B £ TOYKAX CeTH H CONpPOTHBISHHA yHACTKOD
CETH DA3/HYHbI, TO TOTCPR HANOPa B CETH §; pagHa cyMMme ToTeps hHallopa Ha
pecex yuactkax §;:

vil

Ly? ._—,:- NES (5.1)

ﬁc - ﬁ 6:‘ :‘SL {V1'+' Vot ... '1’1/;;)2 ‘i’Ss (Vz il Vn)2 ek Slr- Vi (5‘2)

i=—1l .

CyMMapHas noreps Hanopa b CETH C YeTHIPbMH A00HCHTAMH MOXET OLITL Tpa-
(buuecky H3oBpaKeHa caeiLyonuM obpasoy (puc. 5.2). [To oen abenHee NOCACO-
DATENLHO OTKAA/LBAIOTCH B ONpeleTeHHoM MacniTabe PacXoibl BOALI afoHeHTa-

a4



i Vq, Vy, Vs, V. ano ocu OPIIHHAT — NOTEPH HANOPa. M3 toukn A ctpoutes
KBajparHuHas mapabosa §,V*, nepeceuchne Koropoii ¢ opaunaroir N — N,
OTCeKAeT 0Tpesnk §;, papHLiii noTepe Hanopa Ha NEPBOM YYacTKe NpH pacxoje
BOAB V. 3aTeM u3 Toukn B, cTPOMTEA KDaJpaTnuuzs napabona S,V*, pacnoaa-
ralanca seine napatoiu S;V°. IMepeceuenne aapatonn S,V ¢ opanraroi
N — N, urceraer otpesok §,, paeedl [IOTCPe Hanopa Ha BTOPOM YYACTKE NMPH
pacxoge poau ¥V, — V,.

Takum xe oBpazom npouzroguTed MOCTPOECHUE A5 BCeX OCTAJbHLIX YYdCT-
KoB ceTH. B pesyanrare Ha opamHare N-N, oTpe3ok N-N, 6yiaeT cooTserer-
BOBATL B MPUHATOM MaciiTate CyMMe MOTeph Hanopa Ha Beex Y4acTKax, T. e, no-
TEPE HANOPA B CETH Npu pacxolie Bomn V.. o puc. 5.2 nerko onpeneauts nore-

D Yo et F 1L
- - llz
R I O

dem

7 { L

Puc. 5.1 Tloteps uanupa B cety ooeToAuHOro JAHAMETpa C pABHOMEPHO  pagupefercHnni
Harpysko#

Puc. 5.2 TMotcps Hanopa B cotk ¢ COCDEAOTOMEHHEIMH HATDYSKAMH

PIO HAIIODA B CETH liPW NOCIEROBATENLHOM OTKIIOUEHHH MOCAEIHHX aCOHEHTOB.
Hanpuvep, ccam orkmounaca nocaenniit abouent c pacxonom V,, 10 noteps s
CETH NpH pacxole poiwr Ve — V), usobpasutes otpeskom D — D).

B psaze ciyuaes y10610 nonb3osathes NOHATHEM «npHBEICHHOE CONPOTHBJIC-
HHE» CETH Spp, PaBHOE CONPOTHBICKHKY TPAH3KTHON ceri, nMemel pac-
YOL BOAUL i OTEPIO HANOPA TAKHE Xe, KaK Y JaHHO{ CeTH C CONPOTUBICHHEM S,
Hns cern ¢ UHCIOM YUACTKOB H aGOHEHTOB, PABHLIM /1, NPHBEAEHHOE CONPOTHB.Ie-
HUE ONPCARIHETCS H3 BLID2XKeHUs :

np “5':— = S — Sl + Si ([‘;2 +63"' + ﬂ-‘e)z 4‘ S-‘l (ﬁﬂ -_ll '--I-J’u,]'2 + tes —f"sfi Ij?l! (5-3)

I

S

rac B; = V,/V, — ornockreasime Harpysky aGoneuTos. Ha pue. 5.2 nyuxru-
POM H300paxena xapaKTepHCTHKA TAKOH ceTh & — SppV?, xoropax cosnagaer c
XapaKTePUCTHKOH ACHCTBHTEABHOM cetn B Toukax A u Nyroeopu V=20g
V'— Ve, @ Opn UpOMeIKYTOUHNY 3HAYEHHAX pacxojtd BOAEI OTIHYAETCH OT Iiec,
KaK NOKA3AAH MUOrOYHCIEHHBI® PacueThl, HA CPaBHHTEILRO HeDOALINYIO  Be/IH-
YHHY,

B YACTHOM CIyvae npH OANHAKOBRIX COLIPOTHBALINAX BCEX YURCTKUB

L
Sy =87 ... 8y =8y, =

3 3ax. te04 685



H OLMHAKOBHIX pacXogaX BOZLI V BCEX 200HEHTOB
VyomVym o= V= E

n

HITH
|
fi =P — Bn =

shipaxeHne (5.3) NpUHHMAET BHI

s-sud [+ (2 v (3]

k] NPPRREL (Clonll s L N SO e wk o o

:S‘mL

n3

=Sy Lo (1) 2+ ) (5.4)

, . l
Mpun =00 §= 4+ Syal ud =3 S,LVE
3ro BHIpaKerne cosnanaer ¢ (0.1).

5.1.2. CETL C AB¥MA HCTOYMUHKAMH OHTAHHA

OCHOBHOM 3aia4cll PACYeTa CevH C BYMA HCTOUHHKAMH DHTAHWM WRARCTCS
ompeeselie TOUKH BOACDEANEAA H PACXOA0B BUAK OT [AXI0r0 HCTOYHHKA.

Ecan sarpysxa cOCpenoTOUeHA 8 /I TOYUKAX CCTH {cMm., Haupumep, puc. 5.3,
FIC £ = 5 M COMPOTHBIEHUR YUACTKOR CETH PASNHUHK), TO TOYKA BOAOPA3AL/ia
MOKET ObITh HAHIENA ¢ MOMOUIbIO UPHBE/EHHLIX CO-
TPOTHBJeHHR CeTH.

TTpHBCAEINIOE CONPOTHRIIEHIE CETH NDH €€ OANO-
CTOPOHHEM {IHTAHWH OT HCTOqUNKA A

4 8
I 0 MY W
® ©

E1E5

Shi = T”l“_ [S: V=8 (Vat ..+ V) —
<

e 8, Vo= 8+ Sp B+
F'ﬁ:l)z SRREE +S?l Bf!i (5'533

H OT HerouHuaka 8B

Spa == ?14- 1S Vi+Sy(Vy - Vo ...+ S Vil
{

=8P} - Sa By -+Pa)®+ ... S (5.56)

[Morepss wanopa npi OAHOCTOPOHHEM ITHTAIIHH
cetd OT HCTOUHHKOB A u B

Puc. 5.3. Towuka =sojopazie- San—Sap Vi)
Na B CETH € COCHEA0TONEHEH - e {(5.6)
M HAFpY3KaMH Spa==8paVi i

ITpu pacxone noxu of uctownukos A u B cooteerersenno Vi v Vi =
= V. - Vanorepn wanopa Ha y4acTKax CeTH, TNHTaeMblx OT KaXI0ro 113
HCTOMHHKOB, fIPUOTHKCHHO PaBiiLl

04~ Sap Vi)
8r ~ Sua V. [

(5.7)
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Hanop B TOUKEe BOAOPABALIZ
Ay— Ag—B84=Az—08p (5.8a)
HAH
Ag— Aa—SapVa=Ap —S8pa(V . —V ) (5.80)

rneAq v Ay — HANOPLI HACOCOB Y Herounukos A v B.
OTCHA4 UTHOCHTEALHBLE PAacXons! BOIL! OT HeTouHiikor A n B

Vf 1,(543 _l)(%—%”)_l
= Koy \ Sua SpaVé
Varsi— .= g ;
Ve San
¢ -t
8 (5.9)
]z’f 1 i-( Sna —:) Zo 70 | 1) 1
B e Vy Sasp ( 3 45 VE
Ve Ska i
S an J

IMurepr nanopa, onpexedenusie no gopmyse (5.6) npy vacTHUHLIX HArpy3Kax
Va<o V. Va<< V. (nrtpsxoBeic JHHiM [la pHC. 3.3), ABAS0OTCH nputn-
JKeHHbIMHE; OHH 1ECKOJNBKO GOLIIe JefCTBHTRIhHWX NIeHh HATIOpE, OIIpeNe/TeH-
HHIX 110 ypaBRHerHw (5.2) (oM. puc. 5.2).

5.1.5, IACOCHLIE ¥ APOCCEJIBHBIE MOACTAHOHKHA

Ecau #a OiHOH H3 IBYX cTadiMi A u B, padorawiinx Ha oy CeTh, NatupH-
mep Ha cranuun A (pue. 5.4), yeranoByTL HOCIEIOBATRABHO C CRTEBBIM HACLCUM
cHanopom Aj LOAOMIIHTENbHH Hacoe ¢ Banopom Ay s, 10 PACX0] BOAL 0T CTal-
uan A yBeamumTes, a of craHuul O yMensIuyTCsi. 110BEE PACXOLEL BUAK, KOTC-
phi¢ YCTAHOBATCS B CETH NIDH 3TOM PEXUME, MOIYT ORITh OMPCACACIL IO ypaBHe-
Hto (5.9), rue Ay = AL |-

+ A;a. Touxa Bojopasiena | {»xjdua o

NEPEMECTHTCH B CTOPOHY p g Xy, - P

CTAHUHH B - ,-D ] Q
[eezoMeTpHYECKHI  rpa- 4, dg

fUK Oad 3TCrO Crydas [o-
Kasal Ha pHc. 5.4 cuioin-
ol auwauci 2. [lockoanxy
TO4YKa BOAODA3NE/NA IepeEMe-
CTHAACL B CTOPOIlY  CTal-
UHH B, pacxog BOubl 07
craHupH /1 VDeJIHYHJICT, a
OT CTAHUHU B yMEHLIIHACH,
[losTOMYy YRJAOH I11he30MeT-
PH YECKOIO I‘pﬂ(fll’-ﬂ(ﬂ aT CTran-
tHH A yBeJHuWJCH, a oT
cTaHuud B yMeHbUIWJACA 1O

Pre. 5.4, 1lbe3oMeTpRYeCKHA
FPaHK NpR BKAGYCHHH HAEcoC-
HOll DOACTEHLHH

3'



Puc. 5.5, Tugpanauveckuft  pesmum
CeTH ¢ HECKOMBKHMY TOACTAHIWAMH
Tpit TRYCTODNHEEM MHTAHMM:

{ — mnesosmerpHueckoi cpathuik ceTH Sea
HACOCHBIN MOSCTAWUMA; ¥ — TO #e ¢ Ha
COCHBIME OO0JCTAHIUKAME

az . | ds CPABHENHIO ¢ HCXOIHBIM Nbe30-
2 AR e d MeTpHUeCKHM  Tpaduxov  Ges
8 ROMOTHHTENLHOT O HACOCA
5 5) T {?:Epgx:ﬂaﬁ nvrus !/ Ha

_—_T"*- o p . J.
l _{*dua ~d 4 Bynem 0603HAUATE HHIEKC A
} d , ] mi A n B nanpasnedua noLadu
';r..._u ..--""ﬂ] HacocHoR noacraHuuu.  Tak,
A" 4 1 e 14a| |47 A4 03UaYaeT, UTO HACOCHAA
A | & OOACTAHIMY  TNOBBIIIACT Hanop
| ~&~~ ¢ HA DEHUMHY Ay M 1I0426T BO-
o e P MY B TOM )¥€ HaNpaBCHHII, YTO
v ) - +4,4 ] n Hacoc B Touke 4. Agp ozHa-
' T I A YaeT, 4ro HANPABICHWC MOLAYH
= 5 T BOILL 3TOH HACOCHOH MOACTUH-

el COBNANEET C Hanpaane-
EHeM MOXAYH BO/bl OT KCTOMHHKA £ He3aBHCHMO OT pachoJOKeHHA Hacoca Ha
MoAAOICH 1y oSpaTHOR JHIHA.

MecTono 0KeHHe TOUKH BOJIOPA3AETA NPH NOCTOSIALIX HANOPAX HACOCOB HA
crannuax /1 #H B He HIMEIMTCs, eCNH NONOJHUTEAbHbIA HACOC TIPH HCH3MEHEOM
Hanope Apa nepemMecriTs B MOGYK TOUKY cctH, HanpuMep C (pHe. 5.4), He name-
1A BanpaBJensEs MoJa%YH Hacoca (HACOCHOH NONCTAHIHH).

JelictBuTebHO, €CTH TPEAROJOXKATE, 49TO TOYKA BOLOPA3AeTa CMECTHTCH,
nanpuMep, b cTOpoHY ¢TaHUuu B (B Touky b), o V., yBeanunrca. Vg yMeHb-
trpres. CoorBeTCTBERRO NOTENH HANOPA OT CTAKLKH A 10 TOYKH BOAO[A3/esa yBe-
MHYATCH, a OT Crauliii B 10 TOUKH BOAOPA3Aedd YMEHhMIATEA, KaK 3T0 H3006pa-
KEHD HA PHC. 5.4 WTPHXITYHKTHPHRIME DHHHAMH J. OUEBHIIHO, 4TO TAKOU Nheao-
METPHYECKH fi IPahiK 1@ MOKeT HMeTh MEeCTa, TAK KaK B OHOH 1 TOMH JKe TOuke b
HE MOI'YT OXHOBPEMEHHD UMETh MeCTa [Ba PasHLIX AapteHna. CneiosarerhHo, ToY-
Ka b ne apagercs pogopasienoM. Taxkum ofpasom, BKNOYCHHCE HAaCOCHOI TO1-
CTAHUMH H3MEHAST MECTONGIOMEHNe TOYKH BoAopasiaena H COOTBETCTBCHHO Pac-
XO0/[bl BOALI OT OGErX CTAHUHE. DTO HAMEeHeHHe PACXOROB BOALI ONPELeAeTCS
TOABKOQ BeJAHYHHOW HATIOPA HaCOCHOH MOICTAILHH H HANPABJICHHEM €€ NOJaYUH H
He 3aBHCHT OT MeCTa YCTAHOBKH NOACTAHILHMA.

Jlns onpejesleHHA TOYKH BOAOPa3lefia b CeTH C HECKOJAbLKHMH HACOCHBIMH I1OL-
CTAHNHAMH NOCJAHAST MOXET ObITh HPHBEUNLHA K NMPOCTOH CETH ¢ ABYMA CTAHUHMH-
mi (puc. 5.5). 3HaucHusA EFarpysok cranupii A 0 8 onpeneasioTea Mo ypasHeIHIo
(5.9), B KOTODOE BOIAYT IPHBEAEHHABIE HANOPb!

.E\!Tp — Alq -Il- EAH’A H ﬁgp S A‘:3.5 +' ZAHBl (5 ln)

rie L Ap4— CYMM4 HANOPOB LOACTAHLHI, PACHONOHENHBIX HA HPHMON
u OOPAaTHOH MAaruCTPadAX, NOAAOUIHX BOAY B TOM e HAUPAKIEHAH, UTO H (TaH-
ung A; ZAga — TO Xe jas cradiu B.

Takum ofpazoM, NPH 3aZalIiOf TEMTOBOW CeTH M SAJAHHOM PaciiOJOHKENIH
A00HBHTOB MECTOLOJOMEHHE TOUKH BOLOPA3AENA 3aBHCHT OT CYMMApHOIrQ Hanoc-
D@ OCHOBHONH CTANIHH H HACOCHKX NMOACTAHIUAN, JeHCTRYIOIHX B OLIOM llanpas-
JIEHHMII.
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JIeHCTBHTEARHOE MECTONOIGHKEHHE HACOCHBIX If APOCCeShHbiXY  HOACTAHUNE
AOTKHO VUHTEIBATLCA JUAWL NPH NOCTPOEHHH [TH€30METPHUSCKOTO rpadMka, T4k
K4k OHO OTIPELESHET PAChOJATASMBIe HANOPLL 1A OTACTBHBIN VYACTKAN CETI

5.4 HANOPLE BO BCACHDIBRAKOMIKHX KOJJFEKTOPAX NAPAJGIENRHO
PABUTAKIWHY CTAHUMAE

Ilpi OTCYTCTBHH B COTH RACOCHMIX NOJICTAHUMA W OALHAKOROM CONPOTHRJIE
RIH COOTREICTBYKNINX YHACTKOB NOAJIOUIER 11 06DATIIOR MaTHCTPA €1 [1830MeT-
prdecknf rpadmi /. xak puano n2 piuc. 5.4, umeer ack CHMMeTpHH 6. Pas-
HOCTh MOJHBIX HANGPOR HA ODPATHBIX KOJLTEKTOPAX OBEHX CTAINUIA PABHA nogy-
PAFHOCTIN HANOPOR, DAABHBAEMAIN CCTCBBIMH HACOCAMH

Ape: <A1 Ap)/2, (5.11)

BKIOYEHIIC HACOCHON 11K APOCCEIbRON TOACTAHUWHN HA MOIAOUCH Han of-
PATHOH MATHCTPATH MPHEBOAHT 1€ TOJALKO K N3MCHCHHKY MECTONMIOKEHHS TOUK K
BOIOPAINLTA. HO Il K HIMEHEHING HANODE HA RCACKIBAWONINK KONIEKTOPAX CTaH-
urit (pue. 5.4).

B ciicreme, nuTaeMof ponoi OT ABYX WM HECKOTLKHYX CTARItWIE, thukeatis Ha-
Nopa MOMET NACHEBOJHETRCH HE BCACHIBAKWEM KO, TEh‘mpt‘ OARON CTanmg. 37y
CTAHINNG B AaaLHefurey 6viem HasuBath «pike HPOBANRORY . OCTATHHBIE - «CBO-
Gonrbivps. Hacockan noscrakiiny e notawumell wiim ofpatiofl varicrpair.
MOAAWAS ROAY B CTOPOHY «CBOOCIHORY CTAIIHK. MPHBOINT K VRO NIMEHHK) Ha-
Mopd Hé BCACLIBAROILCM KOLTIEK TODE FTOR CTAHIII HA BETHYNINY . PABIVIG NO.TOBIH-
He HAIIOPA. Pa3BUBAEMOro NOACTAIIHER (puc. 5.6, rpadmwn 2 w [}, Hacocnan
NOICTANIINS, NOJAAOULAR BOY B CTOPOHY hIKCHDOBAMHON CTANINNT, CHTHARACT 3TOT
HANMOP 14 rakoe e 2Hagenste (pue. 5.6, rpadunar 3 v 7).

i {51
A
J [v]
s H
A . I
-'d{'!'»“
N 2 3 %
A * SN B
- W,
."7"'2:“ =T
N>
14
g4
X — B
5= ~f~.
i /x
Al
4’1,-;4 /"’ AB (1‘.:1”.4
Freard e .3

Pae, 5.0, Hlamenchne Halopa Bo BCACABAKIMECM KOLTEKTOPe Craligy 1pH  BKOOUSIHK  Ha-
COCHEIX NOLTCTAHUMA

1 — RNLE3OMETPHUCCHRILA 1 adiuK Aes IACOCHbB X LoACTAHLNA, F = TO me ML HEAKRHOHHYE  ILRCOCHON
NOACTAMYHHY © HANOPOM + ANt Ha NOJaRaodl Mo rmernaan; 8 Ter A APH O RKCTIOUMCHEH  Macooiof
SILETHIRHKE v oananus N A He ofpaTeoll varkcTpanu, 4 TO K U BRERCICH AW B00MS dear

MBI LTI HE

Puc. 5.7, Trapasasaccrkinfi pedkum KOJNBHCEOR CeTH!
= NbedOReTpRIecr il vpadiek CeTH Nea noacTadnoi: ? TEh KO AT PE e e e T s
R



|lpit BKIOUCHHI (HECKOIMKHX HACOC tbIX noyeranupil ¢ HamopaMmi A . 10
SAIOUAX BOLY B PAS IMUHLIX HAMDABIEH X, HIMEHEHIE HATODE l1a BCACHIBAKILILEM
KOJIEKTOpE CBOBOMNON CTAllllHE PABHO anrefpaHyeckofl noayeyMvMe 1anopeM

HOACTAIIIBH:
| . . [y T
_‘.t,!"v'-- _‘é—l"‘hl-if' lﬂtZ]

Hanopst nogctasing, NO4atoiulix soly 6 CTOPOHY ¢CBOGOIHOH CTAHIHH. HMEKOT
IHAK IL.TIOC, A HallOpEl HOACTAHIKA, oA 3oy B NPOTHRONOTOKION Hd-
NPARICHUN, - 3HAK MHIYVC BHE RABICHMOCTH OT PACTIOLOMCTIHS NOLCTARIMA Ha
(oa4tolLelt na 00paTHOR MaTHeTpaan (pue. 5.0, rpaduKi 4ul)

315, OAHOKMIBLEBAN CCTh

QLHOROILIEBYIG CeTh, UAOOPUKCHHYIC Ha pirc, 5.7, MUKHO PACCMETPHBATE
KAK JHHCHAITYIO COTh ¢ ABYMSL CTARITHAMH, HMEIOUHMH ONMUHAKOBLIL Haop.

TOUKA ROOPA3LEId B TAKOR COTH MOMEY GLITL ONPENEIEHA TID YPABHEHHAM
(5.9). o KoTOpHX Sap S0 - NpHBEISHHBIE CONPOTHBICIHI KObIEBOH CeTH
NP OAHOCTOPOHNEM TUTAHHI €€ COUTBETCTBCHIO No YacOBOli CTPEIKEe M TIPUTKA
nee. JLis OAHORO.LNEBOH CeTH, uzoOpakentoi Ha puc. 5.7, NPH OAUNTAKOBLIX
COTMPOTABALHUSIX COOTBETCTRYIOILHN YHATTHOB NnoZAoWei 11 oHpaTioR MarHCTp:-
JSed TOYRH BOAOpA3ALId b NOIAKMICH H 0OPATHOIH MAIHCTPETAX COBIAAANT. Huoe
[OMOKEHHE HMECT MECTO, L0 1M ITH CONPOTHBACHH PA3au'IHbl B eCTH B KOJbILe-
RO CETH VCTAHOBMERA HACOCHAN MOLCTAHIHA (pre. H.7).

B tol aurig (Mojaroieid HaK OOPATHOR). TIe BKIOMEHA HATOCHAs NOCTAH -
LKA, TOYKE BOJOP4s/e1a nepemeinaeTesa H B ODILev Ciydde HE COBNANACT C TCUROH
BOAOPA3AEIA B JIHIMH, TIE HACOC-
Has [10JCTAHILEH OTCyTCTBYeT. 3TO
O3HANAE!, YTO PaCcXOaW  BOALL B
NONAI0UeH H DOPATHOR iHHHAX Ha
GIHHX 11 TCX K€ YHACTKAX CeTH
MOUYT  ObITh  HCOLHHAKOBBIMH.
[Tosromy A48 aHaIH3d rHApaBdH-
YOCKOTO PeXiMa TAKOH CeTH C.ie-
Ayer  paccMaTPHBATH  OTACABLHG
HOAAULVIC H 0OPaTIyie  MAruei-
DA.H.

03 Tol KOARNCBOH JTHHWHA (10-
pakinen oy obparuoM), rie or-
CYTCTRYIOT HACOCIULIE NOACTAHIRY,
PACKOADL] DOABI B 0DOMX Hanpabie.
HHAX OT Cl1aHUHE ONpeile o TCH
no ypasnesHo (5.9). Ecau B KOAb-
eBoli THEAH  YCTAHOBIEHO  (le-
CKOALKO HACOCHMX  ROACTAHLN U
(puc. 5.8), pacXoisl BOAbI 1 oboux
HAMPABIEHHHX 01 CTaHUHH OTpe-
geanoTey no vpasHenkry (5.Y) B
a4 Kotopom N, # Ay npHBedeH-

== Pue. 5.8, DNuapamigieckusn  pe

r o HHM KONLUEeRGH COTH € HOUKODTE

- —+4%: 42K f CANMH e OUeT :

Bpa=*8y5:0% 4q i HAMH HOCOCHBIMU TOLCTIHLHAMH,

i nbesoMerTpirtierimil cpadrek veTn

5" G peacrAmd, @ 0 TU ke & Hae
id Cea UL ASRE PR HH A ML
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HbIE MANOPH, PABHLIE CYMME HATOPOR HACOCHWX MOACTAHUHA, JOAAMOUWHX BORY
COOTBETCTBEIHO MO MACOROH CTPEAKe H NPOTHE Hee.

Ha pue. 5.8 TpH 00IcTaHUHH Ha m)ld}oluekt AHHHH 3aMEHESHbI OAHOR 3KBUBA-
SeRTHOR nopcTaiuedt ¢ Hamopow AfY = ATy - AR - "\m Hanop  skedza
JEHTHOR NONCTANIEN HA ofparHod MnEuK ¢ nanopod AFC - — Ak, | A% pa-
pel Kyax:. OUesMAHO, HTO fIONOMEHHE TOUKH BOAODA3LCRA 1 OGpaTHON JIuHHK
PH BKAIOYEHKRH HBCOCHLBIN NGACTALUH 1€ HAMERUTCH

B ciavuae., KOria HAOOP 3KEHHAJIEHTHORH NONCTANIUHH CTAHET PABHbIM HAITOPY
HACOCA RAHHHUK HpH OIHOCTOPOHHEM NHTAHHKW €€, T. C.

AL SanVi, (5. 13}

ABHMEHUE RU)J/Ib! B FTOR JTHUHM D\'ﬂET MPOUCXOAMTS JTHIUIL B QANOM T[aNPABJIEHHH ,
COOTDETCTRYIOULEM HAUPARJISHNID NOAAYH DOJE!l YKBHBAJEHTHOM 1T LTMCH .

Mpu Go.ninen Hanope NOCAeAEeH B KOALIe GyAeT HMCTL MECTO TpaN3uTHad 1Hp-
Ky AL QMpeie/IeHHOrG KOJHYCCTBA DO)]_]..:I .

5.2, MAEAJUIHPOBANIAA CPTL ¢ HEM3MEHHbIMH CONPOTHBJAEHUAMH
CHCTEM OTOIJIERHKS

Feam B OT4KON CCTH OTCYICTIBYIOT YCTAHOBKH 1'OPHYEID BOLOCHAMKEIUS HIH
OTCYTCTBVIOT PEryasiToph TEMHEPATYPB HA HX, TO HEH3MEHHEBIMH HBINKITCY HC
TOJMRKO CONPOTHBACTHA KAKIOrD ABOHEHTH, HO W COIPOTHB/ICHIHE BCeit CeTH.
[Ipy HAAMUHK YCTAHOBOK FGPHYETD BoAocHadKellnsl, OOOPYLOBAHHBIX PETY.IATO-
PAME TCMIICPATY L, COMPOTHBAEHHE BCEH CeTH WAMEHACTCH.

Paf.wmpum CHAUASA  NEpURIAT Caydail, KOrZa HEH3MEHHbIM  MBJAACTCHA O
HPSTCHBJCHRE BCCH CETH.

A, CONPOTHBULHHWE CETH

Lunpmmmenue ceTy, BKIUaloedr N y4acTioOD € COUPOTHRIIEHMHME Sy
St oo Sy Sa owon aGoHeNTon ¢ CONPOTHR/IEHUAMN B Baw vy B Sy
{pm 2.9), ONpeaeaseres CagIvIoNIuM 08pason.

ConpoTHBICUKE CeTH OT yuacTka A 1o adouenta n

‘-".’1.H S!‘ .‘S.;‘“: {15.14J
e S, — CCNPUIURICHUE CETH OT AO0HENTA ¢ 10 ADOHEWTA 11,
A ; L z E K L iy Y

5,0a 5505 Sp0¢ $,0d 5, Q8 5, Ok §; 01 5, Om 5, Qo
Vg vy V. Vg Ve vy Vi Vin Ve:

L

Puye, BAL CxeMy 1000l ceTy ¢ HEABTOMATH3HPOBAHEHBIMA aDOHCHTUMH

L T e . CONDUTHBIENHMA YUaCTHOB ALVXTPYOWOro  TELronpomng, Sa. A,
C8a eonpoTERaeik AD0ReTCKHA  CHCTen [BEANAS OTRCTBACHHA B aGoHeHTaM};
Ve, Vi, .. Va o pBacyaibl BOAN S90prd afinimelTrede CHeve R

Dy CeTi: MONKHG PACCMATPHRATh KuK COCTORILYIO W3 ABYX NapajiebHbiX OT-
SeTBAEHUIA: dOCHeNTA a M ceTH oT yuacTka B no atiorenta n. [pyr napasiessuon
COCHMTICHHH

: " J f i ..'. 5

Vien V5 FSsa




OTCrO 4

1
Su‘u = : o Str N Su Eyonin '(5 | GJ
| l )
(—=- ) ( 4 / _Sa
V' Sa VSp.a : Sh.n
rae
Eq‘.n - , : T e S (517]
. ,/ S, i
I -+ l/ ._,f__
| Shon
Takum oOpasoM.
Sr1..-r ‘_:'SA '1'" Sq Ean- (518,
JLiis nmocJae/IHero y4acTka
S,’l”,l’l S,M+ Sn] EIH.II'I (5.!9)
rue
& s ! ; : (5.20)

. n ~ 12 r ___-.1_-— 2
i / 8 _om_ {43 7/ Sm
+ l ‘f G
Sy n Sy+Sn

PacueT CONPOTUB/IEHHsI CETH JOMKEH POH3BOAUTLCS OT IIOC/ICAHETO aboHed -
Ta K nepsomy. [Ipumep pacuyera NpuBeleH B 1221.

5.2.2, PACXO0Abl BOAbLI H PACMOJATAEMBIE HAMOPLI B CETH H ¥ ABOHEHTOB

[To M3BECTHBIM COMPOTHBJGHHSM BCEH CeTH W OTJE/IbHLIX €€ YHAaCTKOB MOTYT
GBITh OMpe/Ie/IeHbl PACX0bl BOAbI B CETH Wy KaXI0r0 aborenTa [55].
Pacxoj BOjibl B CETH

VA Seorn- (5.21)
Pacxoa BoAb y aboHeHTa a (CM. puc 5.9) onpenesnsercs W3 paBeHcTBa
S. Vi 2.5, V5

Orcrona
Vo=V VS,.1S..
OTHOCHTENbHBIH PaCXOJ
V. =V, IV=VS,. S 78.=1(S../)(1/Sy). (5.22)
Pacxon eoant y aGonenta b
S Vh=38, . V-V,
SaalV —Vit=8,, V2
M3 3TUX AByX YpaBHEHHUH

7 - vz_sﬂn”_ Sk, ,_.]_.; _h-.:]/,-f’-l ,&_'L ‘?b'” ..]_ (5.23)
' Spa Sb I Sz Sn

AHAJIOFHYHO OTHOCHTENbHBIA PACXOA BOABL Y JHOGOTO aboHeHTa m

o

'17 ___V_T{l_ = ‘f!." Sa.n Su,n Sen _ Sm,n -_]'_ ) (5 24)
! | SR.n SC.ff 'qM‘n Sm



OTIOCHTENBHELT PACXOL BOIB Y NOCICHERG abOHEHTA 1

‘Sﬁ.n ‘l’M.n S.\:.rl S’-"

PacnoaaraeMbiit HANOP y Ji060ro aBOHEHTa COCTAB/SET
=o
é‘m = Sm V!:ﬂ ""Sm V2 V"H
ve.- Aor Agrp

Secri SA.n.

rae Ay, — Hanop Ha CTaHIHK.
MoacTaRuB 3HaYcHHa V® B Vi, noayunM

A=A, Sar Spa  Sme

= - SA.u Sﬂ.n S.—H.n
HITH
A, =S, Do ( Son, Sen f:*_'ﬁ.ﬂ.-‘—). (5.26)
SA.n ! Sﬂ.u SM.» Sm
PacnoaaraeMsifi Hanop y n1epsoro a0OHERT @
Aa - Ar',':' "-:3'”_5' : {527)
Spt S
PacnonaraeMulft nanop y nocaensero aboneHTa n
Ay :)_\L_,, Sin Stn, Smn Ju (5-23J
S.ﬂ.n Sf?.ra SM.H S'\'.n

OTHOUIEHUE PUCXONOH BO,(A ¥ AGOAEHTOB m U A #3 ypaoiieRuit (5.24) 1 {(5.25)
COCTABJISRT

Ve 1/ Svn S -
b R il s I (5.29)
VIL V Sn "S.fﬂ

Takum ofipazon, OTHOUIEHHE PACXOIOB BOAK ¥ ARY X AOOHCETOD 3ABHCHT JHIIL
OT CONPOTHRACHHA CCTH, HAYKHAA OT FCPBOLO 3 PACCMATPHBAEMbIX AOOHEHTOR,
H HE 3d4BHCHT OT COIPOTHBJARHHA CETH I0 3TOrO 400HEHTA. C.’lCﬂOBﬂT‘EﬂLHO. NnpH
H3MCHCHHE CONMDOTHRJEHHA Kakoro-JH60 y49acTya CEeTH HJH aboHERTA y BCeX a60-
HEHTOB, PACNOJO¥EeHERIX 34 YYaCTKOM CEeTH HJIH a0OKEHTOM ¢ H3MENeIIBLIM cO-
MPOTHBACHHUCM, OVAET WMCTL MECTD NPONOpUUONAIeias] DA3PEryJIKPUBKA, T. C.
YV HHX OTHOUIeHHe HOBOrO pacxola Boldbl K (IEDBOHAYA bHOMY Gy'ﬂe'f OIIHHAKOBEIM .
l_JOE}TOM}’ JOCTATOYHO ONPEICTIHTL CTCNEeHL HIMENeHH1 pacxoild TOABKO Y OIHOIro
U3 9THX 400HeHTOoB. Y HGUH@HTUB, PHL’.IIOJ!O}KEHHHX MC}K.II}" CTﬂTiuHEﬁ H MECTUM
HAMENEUHST CONPOTHDVIENHSA, Pa3pPeryAHposKa OYAeT  HenponapIHOHALHOH,
T. B, PACKOMK Gy T H4MEHNTHhCS K PARTHYHOH CTCHEHH Y PasitbiX adoweHTos. [lpu-
Mep pacgerta npupened B[22},

5.2.4. MAKCHMAJNDBILIH PACXO/ BOOALI B CETH

Fean 8 KOHUE JAHHOM CETH [IPUCORIHHAKITCA HOBLIE aBOIeNTs!, TO CONPOTHB-
JA€THE CeTH YMENLIIACTCSI, @ PAcX0X DOLMW B CeTH BozpacTaer. Pacxoibl BOmkl ¥
8N pPeHee [[pHCOSIHMHEHHBIX A0OHEHTOR YMEeHLIIAKTCH. MakcnMadens pacxon
DOAL! D CETH Orpalti{ycH OnNpefieennoi BeNHUIHON MHHUMANLHOIG COTIPOTHBIIC-
HIHH CETH. 3T0 MHHUMAIhHOE COMHOTHRAEHHE COGTBETCTDYET CAyHald NMpHCOoRiK~
HeRHa K nocaeaiemy afouenTty ACNOJIHHTENLHOIO YYACTHA CeTH © COTPUTHBIRIIH-
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eM S =1, YTO 3KBHRAJEHTHO NPHCOEIBHEEHNK) NapafenLHO NOCNeIHEMY afio-
HEHTY TICPCMBIYKH C AHAMETPOM, PdBHRIM OCCKONIEHIICCTH. [1pu =rom pacnosarae-

MBIt HAnop v nocagndero adoueira An - O
Lns ceTH ¢ oxHEM a00HEHTUM & MOXKILO JIRTKO NICKA3dTh, 4T0

:t:'ll'ilia;‘sgw[u == S-’"-":-(Sd + 'Su] - (.&[!'1' -_AH}‘;AI‘I i ] 5B &IHI&GT' (5'30)

COOTBETCTOEHHO OTHOWEHME HOPMAILIOTO Pacxod Kohl V K MaKCHMATLHOMY
DACXCAY BOLB VMUK ipH COMPOTHBJIEHHH (0CICAHErO A00HEHTd, DABHOM HY.TO,

ViV mawe WV T—A A, (5.41)

Tas cern ¢ wncaom abonentos 22 2> 1, OJMHAKOSLIM TNajeHneM JARICHUA 11a
BCCX YYACTKAX W ORMHAKOBBIMY DACXOAAME BOABL Yy A0OHCHTOD 3aBHCHMOCTH
ViVee npu obeapoix snavednsx Ay/Aq, = 0,1; 0,2 8 0.5 1 pasinduLX 3ia-
yeliuax /1 fApejcTaBiaedn #3 puc. 5.10

T i
P Puc, .10, MokcuvabHbe PACXOLL BOLLI © CETH
T ¢ JANERHBY TATCAREM 1AI0pd W O/IHHAKORLIMW
i3 N e pacxomavMe woan Y a0ONEHTOB  LpH PacieTHOM
f,»—r‘“ peMue:
' { : A KPHBOB o « o s s = = « + o o + & s T S S
f?r# ." 5 I‘ - =] Y KBEHEBOH o « &« & = = = =« o« = e ; =
/ O e c 0.t 0.2 0.5
VA FEX. n{er
@7 - Acr, An — Hanops HE eTdwiges iy nacasiuere  ato
! i Z g 4§ £3 I M BeHTA OpH pucneTHoM pemHse: U -—pacxos  wnab B
CoTH NPH PACHETHOM priAme; Ve — MAKCHMaALHLIA
Yucpo adoneHirtal & cemu PHACKOL BUELL B CETH  DPH CONPOTHRGIAMI  WOLICRIIe’E

afoyCL s, PAsHOM 1HyAD

Jlng ofbuHEX 3HaueHuit A,/A,, #e npepuiualomux 0.2, HOIMOKIOCTH yBe-
JAMMEH® PACKOAA BOALE OT CTAHLMH NPH AONOIHATEILHOM NPHCOSTHHEN WA afo-
HENTOB K KOHIY CeTH, KAK BWiHO H3 puc. 5.10, pecbMa orpaHndelIL. [Tpy MUHH-
MEARHOM HHCAC a00NeHToB /1 - - | MAKCHMAIhIATA paCX0d BOJB! He MOKET TIPEBLI-
cHTH HOpMaabibiil Gusee wew Ha 10%, anpu Tpex aGoHen1ax- 00/1ee eM Ha H% .

HeckoanKo YBeTHEHBAIOTCS MEKCHMAABERE FACXOAL BOAEL B 1400 saTpyser-
ol ceTy ¢ BOMBIIHMH aradenusivi A, Ao, npH sdauenvn A, /A, - 0.5 yBean-
uerHue pacxoia oud Ha 10 % Moxer Ooirn JOCTHIHYTO LUPH  HHCAE aboHeHTOR
n=-5

5.2.4, HACOCHDBIC NMOACTAHILHHA HA TIOAAKMUEH HJIH OBPATHOHR MTHHHH

Mpy BKIIGUCHHI HACOCHOR NOJCTAHUHM HA noaaomeR WIH OOPATHONH JHHHH
{prc. 5.11) pacxoasl BoAs y A0OHECHTOB, PACIOJNOMEHHBIX 33 RACOCUOH MONCTAH -
iued, yeeanuatca. Kag oTMeYanoce sslile, y $THX aGONEHTOR Gy1e1 HMCTL MECTO
MPONOPUHOHATBHAN PAXPCTYAHpOBKa. BelleIcTBHe yBENWUCHHA PACXOAA BONK y
2HOHCHTOD, PACTIOIOKEHHEIX 34 HAC SCRON MOJCTAHIIMEHR, YBEAYUATCA 1TOTEPH Ha-
Mopa HA YUACTKE CeTH 10 HACOCHON NMOACTAHIHMH, U COOTBCTCTBEHHO YMEELINATCH
pacnofaracMupie JIanopsl H PACXUABL BOAK ¥ BCCX aGONEHTOB, PACIOJOKCHEIX HA
9TOM YUACTKE Cefy. 3TO YMCHLIUEIHe pacxoaa soupl GyAeT HeNpOnOpIuOHallL-
HbIM: MUITHMATbI0e YMEEBIIEHHE OTHOCATEIBHOTO PACKOd BOAK GYiAeT ¥ Nepso-
ro aboHeHTd, y KOTOPOro pacnonaraeMulii Haunop YMCHLUINTCA Mad, MAKCH-
MasLICe YMENBINEHHE OTHOCHTEIhHOI) PACXOiAa BOAb! Syier ¥ aGonenTa, pacno-
JUKEHROID Mepe]  HACOCHOH NOJACTAHLUHE, rae HMEeT MeCTO MAKCHMAJILIIOE
VMEHBLIIEHHE PaCcIOIaraeMoro Hamnopa.

[Tpu pacscTe FHIPADAHYECKOIO PEKHMH CETH ¢ BRJIIGUEHHON HacoCHOH 004-
CTAHLIMEN HOCH B HIOK) MOXKHO PACCMaTPHBATL KaK OTPUIIRTCABIIOR CONPOTHRAEHHT

Sy — —AutV i, (5.32)
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rie Ay -— Hanop, co3aapaeMuiit Hacocom: Vo —- PaCXof BOAN Yepes HaCcOCHYIo
NOACTAHILHIO.

[locKOALEY pacXO0f BOAbL YEpe3 HACOCHYK) NOACTARIHEID 3apaHee HCH3DBEeCTeH,
jafland pPeldercs MeroioM noifopa: 3alaloTesl MPeRBAPUTENBHBIM 3HAYEHHEM
V4, 10 dhopmyae (5.32) onpeneasierca Sz, no Ppopmyaam (5.14)—(5.20} onpexe-
ANETCH BEJAMUMHA COTIDOTABICHEA CETH ¢ vueToM Sy, no gopmyae (5.21) onpejie-
AseTess PACKOL BOIK B ceti, no dopuy.ae (5.24) onpeaesasiores: pacxoas! oLy Y
afCHeHTOR, PACTOIOMEIHEX 33 HACOCHOH MONCTAHILUEN .

ITocKOUIBKY Vv 511X A00HSHTOR HMCCT MECTO MPONOPUHCHAMTBHAS DA3PEry.1M-
PORKA, A0CTATOUHO ONPEILTHTE YREANULHIE PACXUNA Y OLHOrO aG0HCHTa; y Beex

Ha npamMod Aurdu Ha odpamwad Jdrudt
51180285 S 0wty 5 8 181250 OsuISu s §

Sf 32 S‘! iy 515' S, Sz. 53 54. S&'
)rz 304 0F Qr Q2 QIQL0S5

(»

dem dem

Ay

Pue. 5.11. BrUWSCUKE HACOCHOA 0 AKauRBAKIMLCH NeieTaH-
uHH

OCTAALHBIX GyJerT HabMOAATHECH TAKOE XE OTHOCHTEMhHOE YREINUCHUC PacXola.
Takym 0OpasoM, ONPCAEISIeTCs HOBLIE CyMMapHbli pacXod BOAB Y a60HEHTOR,
PACNIOJOMXEHHbBIX 34 HACOCHUR NojCraKiuen. B caydae, ccitit 9TOT pacxon He COB-
NaJa¢T ¢ NPeADapHTeIbHBIM 3HaueHHeM V., NPOH3BOAMICH LEepPecyer.

£.2.5, PRAHME! TENJOQBBIX CETEH C HAIPYIKOH [OFPAYLIo sOLOCHABMEHHNA

PaceMOTPHM THIPABJIHYECKHE DEXUMEI TENIOBRIX CETEH ¢ HOCTOAINBIMH CO-
(IPOTHBJAEHHAMH CHCTCM OTOILICHHA M MeDEeMenlibIMH COMPOTHBAEHHUAMH yC1a-
HOBOK TOPAYETO BOJOCHAGHKEHHS CHAYANA B YCJOBHAX B3aKPLITOH CHCTEMEI
Temlm'.l-l:-iﬁ}#;&imﬂ.

JTOCKGABKY B 3aKDBITEIX TEUJOBHX CErHX © JIBYXCTYNCHYATOH NOCASAOBE-
TEALAOK CXeMOH, Kak NPabHJIO, YCTalaD/JIHBAOTCsl PeryaaToOpH pacxojd, Aoji-
Aep ki BAOLge ¥ ACOHEHTOR HOCTONHHNA PACXGT BOABL HC3ABHCHMO OT pacioga-
PAEMOIO Hanmopa (THAPAnIHUecKHe PerHMEl TAKEX ceTelt pacemorpens & § 5.1),
HHMKE DECCMATPUBAICTCS 3AKPHITHIC TEILTOBHIC COTH ¢ MAPANJIE]LIIOA U CMEllAH -
HOI CXCMaMM DKMOYeHHA TOJOIpERATeNed ropAuero ROAOCHaOMenust IpH OTCyT-
CTBHH HA BBEOAAX PCTY.JIATOPOB pacxojia.

B § 3.2 66110 IOKA22HO, KAK BMHHET PACXo BOIB Ha repsuce sopocnalixe-
HUE HE MHAPABIMICCKHIT DeHM a00IeNTCKOR YCTAHOBKY, H OUPELIeHbl Y I0B1A,
NPH KOTOPHIX B CeTH HMEET MECTO NpornapiuoHaibHan pasperynupenxa (¢ —
= idem), ofccoCYHBAIOLAS BOIMOXXHOCTS LEHTDAJNBLHOTO KAUSCTBEHHOTO PCry-
JHPOBAHHISA OTOYCKA TEINOTAL

ATH yCAOBHA CBOAKINCE K TOMY, YTO ¥ BCEX AGOHEHTOR CETH A0/KHh OBITL
OAKHAKOBB! OTHOCHTE/ALHLIE PACXO/BI ROAM Ha ropAdce ponocnadxenwne n — Vi
/Vq.n U NOTCPY HANOPA B CHCTEMAX OTONJEHHS (Mexny Toukamu 0r0opa W DO3-
BPAalEH st BOLLI, NOCTY HAKIIEN B TOJOTPERATENL TOPAYETO BOLOCHAGHKEHHS) f1pU
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pacuernom pexknme (Vy — 0). JList OUEHKH HEeNponopUHOHANBHOR Pa3PeryaHpon-
KH CeTH (¢ — var) B cay4asX, KOTJa YKasanHble YCAOBHS He HMEKT MeCTy, Huxe
NPUKEJIEHLl PE3YIILTATH PACHETA HIEAIUSHPUBANHON CETH, COCTOAULEH H3 ONNCH
sarxeTpany ¢ jecsitoio adonentamu. [lpuusaro, uro nmanop na craunun 100 wm;
PACXOR BONLL y BCeX aGUHEHTOR NpH pacderHoM peiume Vo.p - 100 M4
yAeNLHas JMHEeHHAS TOTCPs 11ANopa Ila Beex YYacTKaX CeTH npu OTCYTCTRHH Dac-
X614 BOILL 1A TOpSAYee BOACGCHaOKeHne O nHaKosa. Paccyorpens TPH BapHAHTA
YCTOHYHBOCTY CETH, MOA KOTOPOH TOHHMAETCH OTHOLIEHHE PaCrOIaratMoro Ha-
mopa v mocsg/ Hero a6oHelTa K PacnosaraeMoMy Hanopy Ha CTaHuuH ALIAL
0,8: 0,5, 0,2. [Tpr cpeaneit OPTHOCHTEIBROH HATPY3Ke TOPAYETO BOJOCHabKe-
ana OP/Q, — 0,3 oTHOUMTEIBHBIA pACXO/L BOALL HA FOpsYee BOIOCHAGKEHHE MPH
NapasAesbHOR H CMCLUAHHOH CXeMax BKIIOUeHHA N0/0r PEBATEICH ropAYero Bo1o-
cuabxenus n = Vi/Ve - 0,604, B cpegnem n = 0,b.

Ha puc. 5.12, a npeacTapiaeHbl pesy isTarhl pACUCTa THIPABIHUSCKUX PENH-
MOB MATHCTPAIH NPH AP/AR. — 0,8 ¢ vaMuaxosbivA 3HAYEHHAMH /1 Y BCeX abo-
IEHTOB NPH UAMHAKOBBIX DPacnosaraeMulX Halopax B CHCTEMAX OTOIVICHHA, Dass

T -+ TS SN S m—— R S S S . —————— —
.. T ——— ——
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Prc. 5.12. BARAHHC Pucsvia uoie U Topdi(ee  B0A0CHA0KOHHC Ha pacxod BOAH
B CHCTEMAX OTONACHHSA:

cHereMa Teranenaforenid aRpETan; Harpyska ropaiero poaocnafixendsl PacnpeleaeHa PagHO-
L]

Muepn YCTORAMDBOCTL CeTH A,Iﬁf.-lu--"ﬂ R, W PUNOBAA THIHA — pacueTHDIl PriKNM i oreyiets
BUN TORATMErS BOACHALRKOHNN): A CHCTEMB OTONJERKA OTRIYIHQOREHM HAa OAHMAKOBRIT [

o
monaracumii rEoop, pABHRWA Hanopy ¥ ROCACAnci #OOHCHTAa PR PACUHETHOM  PUMNMC A
(TR Y HK PP HBle JHHHK): 6 -« CHCTCMLL OTDILEIHY GTPCTYAHPOHAHKL Ha NOARTWIT pacnoasrie-

Mufl npinp B ot B OTOMKE HPHEOSTURCHWT AbnmeiiTa
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Purc. 5.13. Bagsuke pacxafia BOAEl HE rupiaLee BO;IOCHAGKEAHE HE  PACKDAd B CHOTEMAX
OTOTMeHRA"

3 .
CHOTONE tenaocHaDMeHHA 3AKDLITIAL yOoTONUHBOLTE CCTH 4 Eﬂ'f)nt=0.-’1, GCETAABHLIC YCI0BHA K O003Rpue
WHE Te e, 4TO ¥ Ha pwe. 512

HbIX PACHOJIAFAEMOMY HAIOPY Y MOCACIHEro aCOHEHTE. JTH YCAOBHS, Kak ObLIO
nokazauo B § 3.2, ofecneyHBaOT NpONOPUHOHAILIIYIO Pasperyaupusky OTONH-
re/lbHBIX CHCTEM aboHeHToR. lloayuennoe 3 pacuera zuauenne ¢— V'V, =
— 0,88 nas yerounBocTH ceTH 0,8 B TOUHOCTH COOTDETCTBYET TEOPETHUECKOMY
3HAYEHHIO, OTpeaeseHHOMY D0 dopMy.e (3.86).

Ecal OTOUUTENRHBIC CHCTEMBI a00HEHTOR OTPCTYHPOBAHE! HA BECh pacno.a-
raeMblii HAnmop Ha a0DHEHTUKOM BBOIC, PABHBIE pacnoiaraeMoMy Halopy B CeTH
B TOUKE NPMCOEAHHCIHS A0OHeHTa, TO HCCMOTDA 1A OIMHAKOBhIE IHAUCHHA A
FMEET MECTO HENPoUCPIHORATLIAA Pa3pery iuposka OTOMHTEIBHBIX CHCTEM
{pue. 5.12, 6) Tcm 6oBILAR, MEM MEHBUIC YCTOHUHBOCTD CETH. Pacxost 112 OTOM -
Jenre y aGolenToB YMEHbIIAKITCA NO JJIHIE CETH. Tak, upn AL/A., — 0,8 or-
lioCHTeNbEbIH pacxon Hamensercs ot 0,99 y nepsoro abornenta 1o 0,89 y nociea -
Herdo.

Ha puc. 5.13 1 5,14 npeicTaBaenn pesynLTaThi ailaOTHUKbBIX DACHETOB CETH
c AP/AR, = 0.5 u 0,2, TIpu OLKHAKOBKIX PACTIOJATAeMBIX HANOPaX Y AGOHENTOD
OTHOCHTEIBIILIE PACX0jibi BOJH UCPC3 OTONHTEAbHBIE YCTAROBKH IIPH poaopasfope
OAMHAKOBB W paBHL cOOTBETCTBeRHO 0,72 u 0,58, 4T0 coBNANAET ¢ TEOPETHYECKH-
vu arrayenusivi (puc. 5.13, au 5.14, @). Ecsin Bee otonitenbibie YCTAHOBKH pac-
CUHTAHB HA NOJHLE pacrosaraemsie Hanopet (puc.5.13, 6 u 5.14,6), 10 pacxo-
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Puc. 5.14. Bangaue pacxoaz ROAW H4 ropavee pOINCEAOKCHHC N4 PCXOI BOAW U cHCTE-
MEX (TOIAEHHH:

; " .
cueTeMa ThmAccuaGNendy sakpHTAf: yerohtwinoen ceT  Apfier=iL2; ucraqabHee yoaooHa obo3ita-
UEHHR TC Ae, (TO B HA phe. 812

bl BOJIR HA OTOMJEHHE Y aG0MeNTOR BRI CCTH COKPAINANTCSA ot 0,88 n0 0,66 npu
ATIAR = 05w o7 0,975 mo 0,36 npe ARAG - 0.2, 7. paspery.npobka
TeM GONbLLIE, 9CM [JHIKe YCTOHURBOCTL CeTH.

[Ipy pazTM'HbIX 3HAYCHHSAX 1Y A0OHCHTOR, KAK HOKA3aTH NPOBeEHHLIE Pac-
YeTbl, HE(IPOTOPUHOHAIBHAY DASPErYAHPOBKA WMEET MECTO KAK D cayuae pery-
JHPOBKH CACTEM OTCNICIES BCEX AGOHEHTOR 112 OAUHAKOBLIE Nepenan JaBJeITHH,
TdK H B CAy40€ HX PeryJ aupOBKH Ha BECh pacIiosIaraeMplit R 1op b CETH.

[TOCKOLKY 8 peaLiioN CeTH BHAUCHHS it ¥ pasJMIHLIX 400HeHTOB PasTHTURL,
uTO MPHROIAT K eNIPONOPIIHOHAILHON pasperyTHPOBKe aTOMATEIBHBIX CHCTEM,
BOJMIKKALT 244444 pazpaloTKy Mern;1a IHIPABIHYECKOH PEryauposki DBOILOB,
OBECTeUHBAIOMIEr0 MAKCHMAILYYIO NPONOPIHORANBIIOCTS UIMQISIHI PATXOIOD
0B 114 oTOndenye y abomentos cetr. Takoit Meto) oapeGHO HIOMKCN B [221.

5.3. TAAPARJHUYECKRE PEXUMEI PEAJIBHBIX CETEH

5.0.1. OGIIMEC TPEBOBAHUY K [HAPABJWYECKHM PEXHAMAM

CuapakanuccKiil pexnm TENTOROH CeTH B HOPMAJLILIX IKCNIAYaTaUHOHHbIX
YCJIOBHAX ROKEH GOECTICHHTL MORAMY KaMIOMY nmoTpedvIeio pacternoro pac-
xopa BoAbl. [l 3TOTO Ha TenaoBoH NMOACTAHLMH JOAKEH GuiTh ONpeesen b
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pacneJiaraemhi Hanop, 2aBUCHIIMI OT CXeMBl NPHCOEINHERNH YCTAHOBOK OTOII -
JEKEH, BCNTHASIMY, rOpsAucro BONGCHAGKEHKH W COTPOTHBIEHHS yCTAORICH -
nore c6opyropanun, OGEUNG pacToaraeMstii 11anOp Ha MECTHBIX TENT0BbIX MO -
CTap RS X TIPY 3CKATOPHOM NPHCOEIHHEHKI CUCTEM OTOIIBRHSA R /IBY XCTYEHAA =
Tl TCCAe0RATCIbION CXEMe TIPUCOSANHENHs TTOAOI PERATCICH TOpAIEro BOOO -
cnadaennst npnunMacies paeke 15—20 m; na T'TH ¢ rakol we cxemolt 20-—
50 m. [Ipi [E3ABHCHMON CXCME NPHCORIHHEHHH CWCTCM OTOIIEHWS i.TH NpU
CXEME © HACOCAMH CMEILEHMS BMECTO JCBATOPOD, NMPH 114paLicIbHCH HaW CMe-
[MAHKOH CXeéMe TIPHCOe(MHCHHI OI0rpeBATEN €l TOPFEYEro BOROCHADKENHS Tpe-
GyeMpift pacnioJaraeMbifl HAUoOp Ha BBOAE MENLLIE YKASAHHLIX BeAHUUA HA 5 —
16w

TNapaenys & NONAKNEH JHHHE TENJOBCH CeTH He JODKIL BBIXUAATL 33 J0-
nyeTHMLe Ipeaes b (€M, TAKoKe ra. 4). Maxcuvannitoe AaRAeHHC ONPEeleNseTed
POYHOUCTHIO TPYOONPORCIAGE H oGopyaopanust (pabounv Iapnenrem, Ha KOTOpOe
3anpOCKTHPOBAI T81101POBOJL) 00btenn 1.6 wmt 2,6 MIla (16 man 25 xrefem?).
MUHEMA bHOC 1ABJICHHE ONPEICISETCs] YCOBHEM HERCKHMAIHA Te/lIOHOCKTAIA
O6LUIT0 IPHEMMAETCS , YTO MHHMMAAbHO JIONYCTHMOe JaBIEHNC JOIKHO GbiTh Ha
0.05 MTa (0,5 kre/cM?) Brilic AaBields HACRILEHR S NIDH MAKCHMAJIhHOH TEMITepa-
TYDE TeTAOHOCHTCANA .

Tapaeins B 0Op#THON JHNHH TENJOBOR CeTH TAKIKE OrpaspUcHbl (CM. ri.4).
Cey RO BUElt CHCTEME NPHVEHACTCH 11e3aBHCHMAs CXEMA NPHCOCIHHEHHHA CHCTEM
OTONMENMSI, MAKOHMAJLIoe DaBjenne & 0OpaTnoli AHHMY COCTABIRET i Mila
(10 krelom®) wan neesomerpuuccKri nanop 100 m. 11penuiieEne yKasaliliblx das=
NeRUH KOMYCKAPTCR ML HA TPAHINTHHIX YYACTRKAX MATUCTPANH. & TAKNKC npd
YCTAHOBKC MACOCOE, CHWAAICUIHY JlaBJenke IO AOMYCTHMON Beanuuibl. Munu-
MANLIGE NZBACHHE ONMPEAETACTCH HEOOXORHMOCTEIO KMETh BO BCeX TOWKaX CeTd
PABBITOYHOC AapieHne BO Habemanne 06pa20sanud BAKYYMa H IPKCOCA BO3LY X2
g TpyGonpora.  [losToMy OOBIGHO NPHHHMAETCS, HTO IIheROMETPHIECKHEe HANOPLl
p noGof Touxke oOpATHGH JIHITHA He LOIKHH OhITL MEbLIe 5 v. Ecou Ha obpat-
pOil MMEUE padoTaeT HAcoChas NOACTARLHA, TO MUHHMMAJLIIOE JABNeHHE Nepes
flefi ONPEIEsNeTCH ¢ YHCTOM KABHTALMOHHOIO 3aMaca 475 yETAHODJIEHHOro THITA
HACOCOR, 4 MAKCHMATHHOE ~—- AONYCTHMLIMY JdBJIEHHAMH Ha Brace W Harneias
HUH 11acoca.

B yeTouiHKe Tenacchatpkels 1aBIeHHe nepel CeTEBRMM HACOCAMH, Cui-
NABAeMOoe HOAITHTOYILEMH FACOCaMH, 10K110 ofeclieurBaTL YKA3AHHK € BRILIE Tpe-
Gopanuel K Hanopasm B 00paTIION NHEHH CeTH, & TaKxe KARHTALEONHBIN 3414C Y
CeTeBRIX HACGCOD. JLABJEHNS, CO3JABACMEIE CETEBLIMH HACOCAMH, B TCM JHCIE W
ph HX DOCIEAVBATEILHOM CORLHHEHHM . J\O/UKHLI 1€ NDEBLILIATL AQNYCTAMAIE JI15T
ofOpVAnBANHA BCTOYHHKA, B OCHOBHOM TENICHUKATTHORILIX NAPORCIRNLIX NOAC-
rperaTeell, 0 He J0TMyCKaTk BCKHUAHKN R TDAKTE CeTEROH ROJLI HCTOYHHKA.

Tagusm oGpasoM, JONYCTHMBIC AaBielia B NOAAIOIIHX H OOpATHHIX JHIHAX Tefl-
JOBOM CETI JeKAT B V3KHX AHATAZOHAX, UTO Tpefyer MaKcHMaaLIoH crabianaa-
UHH CHAPADANMECKOTO PEXHMA CETH, OTPAHMUMBACT e MAHEBPEHHGTTS, 3aTpy.l-
HAET PE3CPBHPOBAHAE TERJIOMATHCTPAJCH, NPUBOLAT LA NPOTSKEHHBIX MarH-
erpadeit K 11eobXoARMoTTit yCTAIlOBKH €01 K1OTO YHCTA HACOCHBIX TOACTAHUME.
I HIP ABJHUECKHE DEMKMBL CETH OCOORIIIO YCIOMHHIOTCH NPE HEPUBHOM penbede
MECTHOCTH ¢ Goihtiol pasiiied reuiesiyccKiXx OTMETOK.

6.5, CXEMbBl ¥ NLESOMETPHMECKHE TPAVHKYW TOPOULCKHX CETEH

Koadurypaniua OonbWHHCTHA TOPOACKHX CeTeH KpyMibIX IopoA0oR XapaKTepH-
ayetcst HeGOMBWION GTH OCRTCILIION AJIHHOB TPAH3HTHRIX YHaCTKOB D ofLiLed npoTs-
WOATIOCTH ceteri. B OCIIOBHOM 310 ceTH ¢ §0J1ee Has MCHee DaBHOMepHO pacnpee-
nennoit narpysrof. Or Kamgoro HCTOUHKHKAE B pajionsl TennonoTpedIeHHs npoac-
OB HOCKOOhKO Marnctpadgen ¢ pacnpeienuTeibHLIMH CETAMM. Tenaomarect-
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Ta6anua 5). XapakrepueTnin TenAoOMarncTpascit

MurneTpane
[Tapa ) =
e METME A ' A r " 7

Hamuna, K 9,53 19,1 16,4 12,6
Muamcrp, mMMm:

B Hayage 1200 1200 1200 1200

B KOHIe a00 500 500 604)
Pacxop soiu, My,

B HagaJ & 10 245 9625 11693 10 424

B KOHITe 872 1250 625 1 /75
“HCA0 HACOCTILX UUACTAHIMA (unc
ARTENR) o uX ranup, M (3Hamena
TENR)

Ha ROJA0MER NHARK 0 0 1/42 1760

1ta ohiparand annne 1/43 2/73; 30 J 2142, 40 0

pain, (COOEHHO MPOKAANIMKAEMEIE D OQHOM HANDABAEHHH, 4 TAKNKe pacnpeney-
TEABHBIE CETH OT COCEIHHX MATHCTPATEH YACTO COELUHEHB! TePEMBLITKAMI

STH NEPEMBIUKH, NPCIHA3HAMEHHBIC B OCHOBHOM ANA PE3EPBHPOBAHUS, W.IH
OB NPELYCMOTPCHB HPOEKTOM  TCMMOBBIX CETeH, HIH GhLti COOpYKeHbl No3)Iee
MO YCTOBHAM IKCITYATAUHE, Kak nmpaBuiio, TenoBble CeTH CHAPABIHYECKH CRY -
3aHAI € ceTsMH coceannx TIIL wan pallonrnx  KoTebllbix, paboTaiommx B peseps-
HOM, THEODBOM HdiH OCHOBHOM pexumax, B nocaenmem CIyyac TeloBas narpys-
Ka KoTeannoll nepegactest TALl Toanko B aeThee BpEMA.

Ha puc. 5.15 npupegena cxema OCHOBHBIX TEMAOMATHCTPASTCH OAROR B3 MOC-
koscknx T Cetw sanpoextuposann na PacueTHY)  TEeNIOBYw Ha-
rPY3Ky 3945 MB7 (3400 I'kaa/u). Tpu yaeanuoum pacxoge poar 10,8 M*a/MBr
(12,5 M’ Tkan) cyMMapliof warpysku pacueTHmiii  pacxon Boje! 42 500 m%y. Ten-
aora ot TILL puiBomres no  yeThpew MATHCTPANAM, KOTODLIE XapaKIepH3VIoTCa
napamMeTpamu . IpHBeAeHHRIMH B Tab . 5,1,

B paitone umeotes nsirs BOJOTPCHHAIX KOTEIBIILIX © CYMMapuoH TengoBof
HATPY3KOH okoao 1160 MBr (1000 I'kasfy), KOTOPhIE MOTYT BLITh HCUIOAL3ODANLL
IS aBapRiinOro PesepBHpOBARHA .

Kamaas marncpaibs PACCYHTanA Ha Ten.1ocirabxenme ONpesesICHROrO palio-
Ha. Peseppunie cBa2K MeKay MATHCTDANIMH NCPHOHATAABHLIM TIPOCKTOM (1€ mpe-
AYCMATPHBAIHCE HCCMOTPY  HA GAATONPUSTHEE YCA0BHS: TRPH OCHOBHBIE MATH -
CTPATH HMCIOT O)\HO HANDABNEHHE H  (POJONEHN CPABHHTEALHO HETANeKO O1EA
OT APYTOM; Pe3ePDHBIC KOTEbHBIE PACTOIOKeRL B UCHTPAX HATPY3KH R CepemH -
HE 1 B ROHUE MaricTpaned. LUTpuxoBeMi THHHAMY Ha pue. 5.15 YKA3aHL! Hame -
HEIIILIC PE3LPBHLIC NCNEMbIYKH MERIY MarHCTPadsME.

Ha puc. 5.16 arpaxes CHAPARAHYECKHI DCHHM CETH 1IPH HA0AMPOBAHNOI pa-
00Te MarucTpaaelt, & Takxe OpH BKJOYEHHbIX NePEeMBLIYKAX, YKAZAHHBIX 1ITPH-
XOBhIMH JHHHAMH  Ha pue. 5.15. lnametps mepembiuex NPHHHMAIHC L PABHBIMH
O0IBIIGMY  AHAMETDY COBNMHYEMBIX MarHcTpa.ieit nepen nepembiikoil. Yepes we-
KOTODBIE NEPEMBIYKH HOSBHHKAICT OCJibllive NEPETOKH BOTnI MEex v MarHcrpaJIHMy,
B PEIYILTATE YCTO  HECKOJILKO HAMEHSIOTCH WX NhE3OMETPHYESCKHE rpapHKH
(pHc. 5.16). Cumkenne obniero FHAPABIHUECKOTO  CONDOTHRAGHHS CHTTCMMI 11 H
OTKPRIThIX TT€PEMLIYKAX MENKIY MATHCTPAISIMH NOIBOINET CIHIHTH PACXOTL 39K T-
POSHEDTHH HA nepexayky TenJOHDCHTeAs,

5.3.3. HACUCHRKIE NOACTAHUHHA

Kax Buano uz puc. 5.16, wa MarucTpaan B, pacxom no koropolt spasierca
MARCHMAIOHRIM,  YCTZHOKJeHB] TDH HACOCHBIE TIOACTAHIME. CXeMa NOACTAHLMN C
lHacocam Ha nonakiel 4 oBpaTHOR JHIHSX npeacranaeda Ha pue. 5.17.
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Pue. .17 CxeMa HACOCHOR MOJCTUHUIHM € HACOCAMH HA NOIalomed u uOpATHON AR-
HHAX:

f - na mojamuLeN AMHEN: qerBlpe Hacocn TG0, Q=1200 mMiju, H=0f M, 3n. spuraTtean -
=320 nH 1 7= 1440 nffwan; 2 HA OGPATHON ARHKH; TPH Hacoca 20H e Q=2100 si/y: #.-d5
MCKTPpoLBHIATCAH N=3820 kBT: #n=740 of/Muu; 7 rpasceuk

Hacocnute nmocTakuuy npejctasisior cofoll  KDynuble CoopyKenus ¢ Goak-
WHM MaWHEHRM 3a00m (pue.  15.18). B MoCKOBCKO#H TenAoceT 080 NOTHOCTLIO
ABTOMATH3NPOBAHLL H PAbOTaIOT 603 MOCTORHHOrG JEXYPHOre Nepeorata. Asro-
MATHIAUMA  JMEKTPHUECKOH YACTH HACOCHLIX [MOACTAHUWHA 1PEAYCMATPHBAET:
ARTOMITHHECKOE BK/TIOYEHHE DEBCPBROTO HACOCA IPH ABAPUHHOM OTKIOYCHHNA pa-
6049€ero, BKJIIOYCHHC PESEPRHOID IPH  MOBBIIGIHH JARACHHS BO RCACHIBAIOILEM KA.I-
ACKTOPE NONCTAHIIHH, 2BTOMATHYECKOE TNepexJueHHe 3aexTPOIABHTaTc el na-
COCOB 1id PeIEPBIILIH HCTOMHWK IUTAHHS TIPH MCYEIHNOBCHHH HANPSKEHUS 114 oo-
ROBHOM HCTOUHHKE, CHIHAJIH33LHIO ¢ HCHCNPABHOCTH paGoThl 000DYAORAHUS B
PalOHEBIH AHCNETYEPCKHH NYHKT.

B HacocHmX NOjCTAHUHAX HA OOPATHON MarmoTpaau HOCae HACOCOB OibIYHO
YUTAHABAHBAIOTCH PErYAATOPL! AABJEHHS, HOAZEPKEBAIOLLHE JalaHHOL NaBJenHe
BO BCACLIBAIOICM KOJNEKTOpe HacocoB. Kpome aBTOMaTHAAILIH 3J€KTpHUCCKO
YACTH (IPELYCMATDHBAGTCS ABTOMATHYCCKAS  34lUHTa OT IOBLIUCHWS (AB.JTeHHs
BO/IB! BO BCACDIDAIOWICM KOJLTEKTOPE HACOCHOH B C1yYae aBapuiBOi 0CTAHODKH Ha -
COCOB H3-38 WCUE3HOBEHHRA HANPAMXKeHWs. dasa 3Toh uean YCTaHaBIHDBACTeN HPTO-
MAT PACCEYKH BA NOAIOWEH MarneTpaay (puc. 3.19, 5.20), KoTophii BMECTe ¢ HMe-
IOIHMHCH OGPATHRIMY KAanaHaMi NPH  OCTAROBKE HACOCHON NOACTAIILNH PA3/EN5 -
€7 TENJOBYKD CeThb Ha ADe THIP@BJHYECKH He3aBHCHMDIE 30HH C [PASHBIMH CTATH-
YeCKHMH AaBJACHUSMH, rfpu STOM CTATHYECKOC AamseHue y NOTPeSHTesCH, pac-
HOTOACHHBIX B HHZKHEH D011, 11€ NPCBBICHT NPEARILHO JONYCTHMOTO,

Has apromatnyeckoll  3aniuThl TEILIOBLIX coTel HCIOSB2YETCH THIPaBAHYCC-
Kas annaparypa, paspaborannas Coosrexsnepro. ABToMar paccedky (puc. 5.19)
COCTOHT K3 H3MCPHTCABHO-YIPABIHICIIETO YCTPONCTRA, YCHAIHTENHHOTO KAdNaHA
H OIHOCENCIhHOTO KiaNaHa pacceykd. O0a Kaanana umelor MeMBpauuhe weio-
HUTENbHEIE MEXaNH3MLI. [ 1pPHMCHEHHe YOHIHTEABIIONO KJATAKA HMEET LEIbIo CO-
KPaTHTL Bpems 1HOTO 34KPLITHA Kianana pacceyky no 15--20 ¢,

34
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Puc. 518, CxeMa anToMaTEueCKOH 3AIMMTE  Tel
AOROF CeTH OT MORKIUEHKSE 1ARTCHARA

il I HEMePHTEALHO- VI DABNAIGI ¢ verpohcteo  PAda;
4, Knanakbi. yLHAKTENbHbIA W paccewkm; 1 ulpar
it maanmr: 5 HaeCOo

/
s

%-'
=

H 504, FHCNJAYATAUHOHHBLILC PLAHMLI

H

r)(

x

bod =t -
jﬁ BaxHbim yCAORHEM HODMAIHHOPO TEN-
i nocHafkenys norpebprenell siBAsteTCs CTa-

:f_;':'- Sy CHALHBIR PHAPABAHYCCKHA PEXKHUM  TenIo-
= BOMA ceTH. B 3akphITOl TensoBoid ceTin npw
NMPHCOERKIICHUH YCTAlIlOBOK [OPAYEro BOLO-

CHaMKEeHUSE NPCHMYLLECTBEHHO 10 JBYX-

T cTyNneH4aToR nOCAe10BATEALHOMN CXeMe TH -
, ] 7?4 paBavueckuil DOKAM ABJIAETCH MOCTATOUHD

[ L —m  CTaBUABHRIM B TEULHUE CYTOK H BCETO OT(-
MUTC/ALHOT O CR30HA, 2T0 WAMOCTPUPYETCH

HPeUCTEBIEHRBIME Ha pue. 5 21 rpapukav

& 4 pacxona ceTesofl BOMEI B TemOMArucTpa-

X oanoft ns MockoBckHX  T3LL npuw  pasiuuyHBIX TeMnepaTypax  CeTeroi
Boabl. Pacxoit cereso Boobt B Tpex Maruetpansx OGeut B onpenerax 10
IV thic. T/4, B OANOH - oOKoac 7 Teic. T/4. MI3MCHCHHC HArpY3KH FOPAYCTO ROJO-
CHAGKERHA B TCHEHHE CYTOK O1pAXKAIOCh JIHIID HA TEMIEPATVPE CETeROR BOIL B
OOPATHOR JIHHHK, CHHZKENTHe KOTOPOH B ANEBNBEIE Yacul COCTABaAIO I UETOM N0
maruerpaan 10— 15 “C. M3 rpadmkos BRAHO TAKKE, UTO TEMIEPATYDH B IOLAK)-
LIHX JHHAAHX DASITHSHBIX MATHCTPAJIEH PasTHuanTes Mexay cobol. I1o obycaon-
AeHo orcyTerBdem na TOLL CMEHBAKCIEr O KOMJICKTOPA M TPYLHOCTLIO MOIACPHKA -
MU OIHIAKOBON TEMIEPATY IR CETEROA BOABI B YCAOBES X 3KCIIVATAIIHE HA BCEX
Saokax TAI ¢ paspoTHNHBIM CEOPYACBAITHEM .

2.3.5. CETH OT FJAIOPUAHDBIX HCTOYHHEKOQB

B coopymaemhlx 0 IPOPKTHPYEMbBIX CHCTEMAX TEINOCHAKEHHA OT 3aropoid-
HbIX HCTOUHHMKOCB 1la OpPraliiyeckeM B AJepHOM TONHBAX NOKPLITHC MUKCBOM wac-
TH TENJ0BOH HATPY3KH IREAYCMATPHEAETCH 00RYHD OT FOPOJICKUX HUTOYHHKOB Ha-
OPIFAHHYECKOM TONJHBE, COEIHHENHLIX ¢ CCHOBHLIM HCTOUHHKOM TPAII3HTIION TCn-
JIOMAFHCTDAALID. B MHKOBRIX MCTOUHAKAX, DACMOJCHKEHHBX B KOHIE TPAHZUTHOMN
MATHCTPAIH, MOTYT  YCTAHABAHBATLCA HACOCH CMELUEHHS, OCYLUECTBISIoNIHE Pe-
UMPKYIAOKIO YacTH BOJLI H3 'OPOACKOH TCNNOBOH CeTH. PCUMPKYNAUMHA OCyIE-
CTRIACTCH C PAIAHUHRIMY ILETHMHE R 2aBHCHMOCTH OT CX@Mb! BKIIOEHHS NMTHKOBOTO
HCTOUHHKA (MOCTENOBATE BIO MM AAPAJILIBbIC C OCHOBILIM), NPHHATOTNC MOTO-
Ja PEryaHpoBanug OTNYCKa TelJoThl OT 32FOPOJIHOND HCTOUHHKA U B TORDLCKON
TEIA0ROR CeTH (KAYECTBEHHOTO MM KOMHUECTReHHOTO), JOMH TeNICBOH MarpyaKkH.
NOKPLIBAEMOR NTHKOBLIM HCTOYHHKOM, NPHRATOA CHCTEMBI FOPSYErn RONOCHADKe-
HIIH M T, 11 ’

B cIydae, ecau B TPANSHTION MarHCTPaadk NPHHAT MOBLILUCHHBIA TEMIEPATY] -
Hhlfl TpaduK (YCIOBHME MM AeHCTBHTEIBHBIR), HacoCe cMeweHus o0ecrneuuBaer
CHHMEHHE TEMNEPATVPEl BOALI B NOJAIOWLEH JHIHHH TOPOICKOH TCIAOBOH CETH Jin
Tpebyemor BeauumHel [lpn nmapasgeinHOM BRJIKYEHHM HHKOBOTD U OCHOBHOTD
HCTUYHMKOB Hacoc cMelreHus ofecnevnpaer Tpelyemblit Pacxod BOILL HMCPeC3 1IH-
KOBBLIA HWCTOUIHK.

[T HEOOXOAMMOCTH CTABHIM3ALHKE  PacXola BOLE B TPAHIHTHOH MAPHCTPAIH
HACOC cMelleHHs o0ecrieynBaeT yse.THYeHHe PACXONA DOLL B rGPOACKOH Ten.1GBoil
CETH. CBA3AHHOC, HANPHMED, C VBENHUCHHEM DACXO)A CeTeBOH BOABI HA TOpaiee
BOAOCHADKEHHE.
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Takum 00pasoM, NpPH YKA3aHHBIX, & TAKXKE 4 PH APYTHX YCAOBHAX TpeOyercs
NePepACNPeALNEHUE PACKONA CETEBOH BOALI MEXIY OCHOBHBIM ¥ NHKOBLIM HCTOY-
HHKAMII . :

PacemoTprM cnocodbl peant3alil TAKOTO TepepacrpelenedAun H HX BIHAHME
Ha CHIPABIHUECKUE DEKHUMBL 3aKPHTOH CHETEMbI TENMOCHADNERAY . 210 RANS HUE
CYHICCTBEN IO 3ADHCHT OT CXeMbl MPHCORNHHEHKS HArPY3KH FOpPAYETO BOAOCHAG-
MEHHH M CTCNCHK aBTOMatH3alukyu aOOHEHTCKHX TENI0NOTPEL S OWNAX YCTaHOBOK.
E caymiae, Koraa Bee ABOHERTHI OCHAITLEHR PEryASTORAMY DACXO)A U HAIDYRKE
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POPSHEro BOOCHAGKENH MPHCOBAHKERA N0 ARY XCTYTeHYATOH N0cIe0DaTeIBbHON
¢XCMe, PACXOL BOIbI B CETH HE SABUCHT OT HATPY3KH TOPA'ErO BOSOCHAGKEHUH H
DACTIOTATACMOrD 11Aafopa B Haua/le FOPOACKOR CCTH (B MMHKOBOM HCTOYHARE Ten-
Aochabxenns). B ApyromM KpaiieM c1yuae, KOorjid Bee a00HEHTn HE OCHALLCHDI 1K
PP, Hy pervaaTOPaMH TEMIEpATYPHl. COMPOTUBMEIHE CHCTMBL SIBIRETCH 110CTO-
INHBIM, pAcxO/l B HCH NPOMOPUHONATEH KOPHIO 43 PACIOITATAEMOr0 Hanopa B na-
yaac cetp. Bee ApyrHe BApHAKTEL, HANDHMEP laldyue Y aGOHEHTOB Peryds1o-
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pOB TEMNEpaTyphbi BOAbI HA Topsiyee BOLOCHAOXKEHHE H OTCYTCTBHE pEryJsTopoB
pPacxoja WJM 4aCTHYHOE OCHaulenne aGoHeHToB PP, siBISIOTCS MPOMEKY TOUHBIMH

MEXAY YKa3aHHbIMH KPaHHHMM CaYy4asiMH. )
PaccmoTpum cHayagda cetb 6e3 peryasiTopoB JaBJeHHA Ha TPAH3UTHOH JHHHK,

CXeMa M Mbe3oMeTpHYecKHi rpadrk KOTOpOH H300pakeHbl Ha PHC. 5.22."A60H6H-
Thl OocHauleHbsl PP Boabl Ha oTonseHue, NOAIEPKHBAIOUIHMH PACYeTHBIH pacxojl
cereBoit BOAbl V,, , HE33aBHCHMO OT pacnojaraemoro Hamopa.
PacnosaraemMblit Hanop B KOHLE TPAH3HTHOH MArucrpajiy B MecTe yCTaHOBKH
Hacoca cMmellienust npH pacxoje yepes Hero V.y - 0 M pacxoje BOLbl B CeTH Vs
Ay““ h ‘ﬂ _(Sl'rp 1 Sz'rp} Vr"ip (533}

Ecau npu HeusMeHHOM pacrionaraeMoMm Hamope Ha CTAHLHH A, YBETHYHTb Ha-
nop Hacoca cMmewiennst A., — RAL,, rae & > 1. To pacxox BoAbl B TPAH3HTHON
MaruCTpPaaH COCTABHUT

V,,.p l - (‘GL‘T —‘k g“) r("ngp "I" 82-’ {_.). (534]
[TocKo1bKy npH HaaWuuu y aGoHenToB PP Vien const, pacxon yepe3 Hacoc
CMEUIEHHS COCTABHT

v:-m 7 V{}.p""v-rp : l I.(Ac--r ::]M)-"{Sl-rp "IY'S‘:Tp} e

e s

1 (Apr —RAZI NS, p + Sar)- (5.35)
B OTHOCHTE IbHBIX eAHHHUaX
Vew VewVoo 1=V (TR (I p), (5.35a)

rie u Al A, MOXHO paccMaTpuBaTh KaK YCTOHUHBOCTHL TPAHIHTHOIO YYacT-
Ka CeTH;

V 1 "_F(-M : l“ = kp).-’(] n. (536)
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Puc. 5.22. LIpHALMIHAAbHAY CXeME 0 ILCIOMUTPHECCRIE rPabrilt cold ¢ BacocoM  CMeltt-
HHY B KOHIE TPANZHTHORN MurHCTpaan. ABOUHCITL OCIAWENL PEry THTODAME PACKOIEA H TCM-
neparTvpLl

[KosgeprimenT noAMetniBaaua Hacoea CMCLCIHA

i Ve Vi - (=it ) 1L (0.37)

[lp HaRK'MH B TOPOACKCH CETH HOUMKMO DACHCTHOC PACXOLd BOILI Ha aTONAE-
Hue V,.,. & TaKmKe ¥ PACXoa CETEBOHl BOMBI MA NOADIPERATEIU IOPAYCIC BOIO-
crafcenns V. (othocutetsupil pacxon V. - ViV,.p) neanuuna A¢, cocTaBuT

G‘M =t ‘ﬂ':-_l {‘Slq'p -1 S j '-'.J’ 1] (l o F;‘)z' {5'333-’

i

[ pupenelete puinie GOPMY. bl COXPAHAOT IPH 3TOM CRBOC 3IAYEIIHE, ecd P On-
peseants NpH Ady mo (5.33a).

TTO0CKOALKY TPAH3UTHAN MAUKCTPAAL, KaK NPADHIIO, HMEET BOJBLIYID AIHHY,
COCTABAAIOILYK 347 pAla coopyeHHEX cucrem [0—20 kM. noasasercs 11eobxo-
ABMCCTE YCTAHOBKH HONKAYHBAKIN KX [14COC0OB Ha OJHOQ, HAH Ha oDed s TPAHZHT -
HLLX MATHCTPAIAX, Kak 3TO M300pamenn na puc. 5.23. Jlacoc cMeweHist MOXKeT
ObITh YCTAHORARH A0 W AOCIC NOAKAYMBAIOUIMX Hacocos (pre. .23, BapuauTil
a n 6), Pacxon 31eKTPOIHEPTHH HA NEPEKAUKY TCIIONOCHTE 15 B8 OO0HX CAYT4AX
cauRAaKos. B SactHoM cayuace, TakKe H30OPAMEHHOM na puc. .23, Koraa nanop
p o6patiol JIMHHH NOC/e TMOIKAYHHRAKILICTO Hacoca MDCBRIIJET HAOp B 0
JAAOULER JMHHE 10 TOIKAYNBAIOIErs HACOLa, DEIMPRYIAIINA MOXKCT OCYLLECTB-

JATECS CaMOTexoM 0e2 Cnenda. 1EH0In HatoCd CMELIEHHA .
Jaa cucTeMbl © NMOAKAYHDAIGUWIHMH  HACOCEMH AHAJOTHYEIM ofpa3oM MOryT

GHITL MOTYHCHDLI BHAHEIIHA Vyy ¥ Vey (A% Rapnanta 6 na puc. 5.23):

?w B l/f' 1 [Ru{k—1) u:i' (5.38)
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e ¢ (Do - Ayga) Aers Augg, Aygp — HATTOPB!  TIOAKAYHMRAIMEX  Haco-
COB, YCTAHOBACHHBIX B KOHIE TPAHSHTHOM MATHCTPAAH WA NOJAIOWEH B O6pATHORM
AMEHAX;

1/ i"";- I
Ve 1=V 08w tem
« i VTp V‘I‘p

L.

B cuereme Ges peryaatopos y aGOHEHTOR B OTJIHYME OT PACCMOTPEHHON Bhillle 15-
MEHTENRU BANOPA HACCCA CMEENHA NPHEOIKT K H3IMEHEHHIO Pacxojld BOIE B TO-
POACKONR CeTH: ’ :

V- Vo V& i5.39)
Pacxox yepes nacoc cMetenus
Via Vo VE Vo (5.40)

Pacxoi Buspt B TRAHIUTHON MarueTpaliy Vip onpepeasierca  dopmyaci (5.36)
¢ YUETOM KOTGPOR

Viw Veu'Vao ~Fik—1 1T ROAT —p). (5.41)

[

Kosppuiinent noawemnnan s

u e l/k e, (5.42)
- . '

[lpn yerasonke NofKAUMBAOWHX HACOCOR B KOHLe TDAHIHTHOIR MATHCTRA 1
10 BADHAHTY Ha 6 pHe. 5.23

- > T [kpo A1 ¢

| —p

Takum ofipasom, npu orcyreTBHE PEry/inTopos y #GOHEHTOB H YBCAHUSHWI HANO-
Pa nacoca cMeIneHNs PACXOA BOAL! YePes HEr( YREAHYHBACTCH HE TOILKO 33 cyeT
CORPAEHBH DACX012 BOLBI B TDAHIUTHOH MarKCTPa.ii, HO M B PE3Y.JILTATC YBEIH -
HEHNA pACXOla B ropojckoi cet. Pacxoa B TpansuTHol MATHCTPAL N HE 3ABHCHT
OT HaNUMH WA OTCYTCTBHSA PCrYIHTOPOB DACXOA y a0OHEHTOR FOPOACKON CoTH,

Ha puc. 5.24 npejsctany enbl 2aBHCHMOCTH PacxojiB BOAL B TDAHAUTHOM MATH-
CTPAJIH # HEPC3 HACOC CMELIRNIHR OT OTHOCKTE/BHOIC NOBLILIEHAY PACIOIATAEMO-
FO Haopa CMECHTEILIIOrD nacoca 2 npu PasIHYERIX 3HAMCHHAX [ /LTS CETH 1 4B-

nK =
Pp ¥4
Vop
- = ——

Pue. 523, [Mpowisingaivias vxema o ALEIUMCTPHUCCRHAN rpadmi et ¢ HACGUOM CMelneiua
W NOARAUABUIOIAMK HACOCAMH 1 KOHILE TPANAHTHOH MaruCTPaty:

afanenv ocnagen PP o PT- PAPHEHT @ - RACOC CMOHICHHST N0 NORKAYHBA K LI WACrOLIE,  BapmManTt
— HACOC Cmelle sy HOCOe TOMKANHBANLHA M ROn

9]



TOMATRANPOBAHHLIME H NEABTOMATHIHPOBAHHRIMH aGoncHTamMu. PaceMaTpHBa UCh
papuanTh 63 HacocHbit nojicTanuui (pre. 5.24, @, 6) M € HACOCHRIME NOACTaH-
JWMMMH ¢ PASTHYENILIME CYMMAPHBIMH OPHOCHTEIbHEIMH Hanopamu f (puc. 5.24. ).

Jas cra0iiau3atuuy JapAelHs B POPOACKOH ¢eTd B MECTe VCTanoBKy [1acoca
cMeLIenHs Na O6PaTHON JHHKY TRAHIRTHOH MATHCTPAMAN OOBINHO YCTAHABI MBART-
cA peryasitup Jasaenns «5o cebar. [lna sawuTsl 000py0OBAHEA 3ar0POANIOTO HE-
TOYIHKA OT NOBLIUIEHHH AARJIESHMT NCPEA HHM 112 OOPATHOH MArHCTPAH YUTHHAR-
JUBACTCH PETYANTOD Aapaenus «nocae cefsr. Jlan crabuinsauny Japiends s no-
Jaioulelt JHHBY TOPOICKDH CETH YCTAHABTHRACTCA PErYASTOP JA4BIEHUN «I0CIC
celsp. PaceMoTpuy BAPHAHTH YCTAHOBKH 3TOI0 DCCYIATOP2 B KOMOe NOJAlolLed
AUHHH TPAH3HTHON MArdCTPa.IH ¢ 11a NOJAIOMLeH ANHKH HACOCA CMENERUA Ba OPH-
MEPEC CHCTCMLI, HI0BpazKeHHoH Ha puc. 5.2, Ha KOTOPOM NPeiICTAB.1eHB NPHHLH-
MHATEHAA CXEMA CHOTEMBI TCNIOCHAGHENHA K PACTIETHBIA 1the3OMETPHYCCK NIl rpa-
Py, [THKODLI HCTOURHK BKJKOUEH MAPAAICALAO OCIOBHOMY . Pacxoxpl sont ve-
pes kam, i werounuk 10 Teic. MY B IMKOBOM WCTOYHHKC yCTAllOBARHE! IOKA-
YHBAWILHE HACOCH Hd TPAHINTHBIX JHIIHAX: 14 NOJAULEH JHEHE — ¢ HANOPOM
50 M M pery.aTopcM AABJIEHHA «iocie ceOuy, Ha 00paTHON JHIHH - C HAIOPOM
100 M 1 peryas1opon JaBACHH €10 Cefas, HACOC CMEMIEH U - HANopoM 150 M u
DCTY IHPYIOULHM KJAMaBOM (10Ci€ MUKOBOTS KOTAa la ydacrke [4-7. Ha obipar-
HOM JUHHY Bepel OUKOBHLIM HCTOYHHKOM YCTAHOBIEH [y AsTap AaBJCHH A €10C-
ge ceBsiy. YCTaHOBACHHLIE PErY A TOPSEE JOMKHLL MOANEPKUBAThL AABACHHE B M0~
AGKNEM 1 ODDATHOM KOJIJTEKTOPAX MHKOBOTO HCTOUHItKA DaBHbIM COOTBETCTBEHAO
1351 15 i B 0OPaTHOM KOJLIEKTOPE OCIOBHOTO KCTOURHKA 15 M. B rapoackod ce

I’ "
/ .'t
B, VE o7 g¥r ., R’ T
b !:i 9 THchm{ﬂmPP) I:: ’}E [ ,-""’:cha'nPFl
& g .a"‘ v, A a (I '_ _.-"’ll =
ﬂg 1]9 -~ b __’fhl[ﬂm..iljf‘}_ 1':2 By e ‘F,_, - Veu tnnwe PR)
'2 0.9 % = 045 b/ F ~07
& gl \@\ ng
- - S 0F
“E 25 G oar
= 8,6 | ':!?,5
s o5 \&s | 20T
g ¥t /A B
E o’ | 2 g ,?
E E’l’ T : Eg's
g Az 362
A g o1
=Y oL [ [ ] g | E 0

TaC 13 45 47 9K S

-

& - E

" o T Vem@orPR) 42

- T Verinpupp) ’é 71

jd T -2 1,0
Vor 8 w Ok
r o, = 0’7
i 9 ::05'5
Vop 3 308
E A

& 307

= 2 7

E Ot

LY |-§ U

Pue. 521, Pewsmet paGoThl CHUTCML 1¢DACCHAGHEHWA MpH  VBEIHUCHHH  Haluopu  11acocd
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Puc. 5.20. Dacxoas 20Ab ueped UCHOLNON # MAKOBBH ACTOMHHKE TENNOCHUOMCHET  IIp

HIMEHERWW CONPOTHUBICHEA NUpeMpUKy MOCHE Hacoca CMCWeHHA H3 yyuCTke 14-7.

cOPULCKOR ceTH HEHIMOHEO, Tfa {caeea).

H [MOI¢PH Hanopa, s (copani), 8 Yswlax CeTd VEAIAUN NUROPE. M, CBEPXY MiKT YKaszaildl napameTpLf

NNE CACYIGUHEA CONPOTHRACHHAR yHacira [4-7: 0.37-10-" (CRIAOWKEE ARHHE Ha NBOINMCTHHNCCROM Tpa-
dured: 0.3-10-" (wrpRXOEBIE ARHHAEH 0082 10 % adon/m® (WITHHXMY DATHRRBES AEHKM}

Conpnﬂm:unmu U YUacTkax CeTH Yt HB DACKOAL QoL

TH PETYJISTOPH UTCYTCTBYIOT, H OH& MMEET TIOCTOSHHOE conporusnenye, [oteps
nanopa y notpedutenei 30 m, B ropoackoli cern 90 M. PaccmoTpuM, Kax pearn-
DYET CHCTEMH Ha ROBMOIKHLIE CTKJOHEHHS OT HCXOLHOrO PeXHMa, [Tepepacipenc-
JIEHHE PACXOJA BOALI MEXKY OCHOBHBIM B NHKOBRIM MCTOUHHKAMH TRH HIEHIMEH=
1OM PACXOAE BOn B FOPOACKOM cety mMoXeT OLITS Pea1u308aHs TOMBKO IYTEM W3-
MEHCHHS COMPOTHB/AGHHSA PEUYIHPYIOIEro KadNaHa Nocie Hacota CMEUICEHs , KaK
9TO MOKA3aHO Ha puc. 5.25, B pesyabnrate yMEHbLICHHN CONPOTHBASHHH 3TOMG
waanana or 0.37-10-% a0 0,153 10—% M-u?/m® pacxop BOJBL Uepes HACOC CMEILC-
HHA YBeJAHYMICA B 1,5 pasa, a B TPaHAUTHOH MariCTPaTi CHHIKICH HA TAKyI0 ME
BOAHUHITY . Peryasitop aBACHHS «I10CN€ ce6Ay B KOHIUE TPaH3uTHOH MAarncTpanu
OPHKPBLTCS, YTOOLI MOJAEPrKATH 38 1aHHOE IaB.1EHUC, [loTeps Hanopa s 3TOM KJa-
nane so3pocaa or 0,3 10 75,9 M, T. €. 11PeBLICHAA HATOP NC/KA4HDAIOLIErO HACOH-
ca, KOTOPULIH NIPH 3TOM peskAMEe MOXKeT ObITh OTKTIOUCH, IIpukpmBaeTCH TAKKE Peé-
FYIA10p gdBaenns «10 cebay Ha ofpaTHOH AHHEE B KOHIE TPAI3HTHON MarucTpa-
a0 W DETYANTOP AABAeHKA «nocie cefsy Ha 0OPAaTHOR JHHHK nepel OCHODBHLIM He-

TOHHHAKOM.

TaguM 0Opa3oM, RCe PCTYANTOPHE NOMIEPHKHDAOT 3ANARHAE AABJACHHA [Tpu
HEH3MEHHOM CONPOTHBAGHHH IOPO/ICKOR CETH 5TD nbecuednBacT IOCTOHHHBIA PAC-
X0l b 1ret. Feau HaverseTcs COUPOTHRAEHHE MOPOACKON ceTH, HATPHMED NPH Ha-
MEHEHAW PACXOAA CETeBOI BOAB Yepes MO)JOrpeBaTe]y ropayero OnOCHAGKCIH,

TO HPH HEHSMEHHOM CONPOTHB/ACHHH PQI‘}’JIHPYIOU.[ETO KJAIdaHa nocJe iacoca CMe-
E 03
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Puc. 5.26, Pacxoan BOJH YEPES OCHOBHON H UHKODLIH HCTONMIKN TeIIOCHADMCUMS T H3-
MEREHHH COTIPOTHBIEHIA aO0NENTCKHX YOTAHOROK Ha yuacrtke {011

PEMVAATOD JLABNEHKHA s10CAC erfhi»  yUIAHOBACH B NOENS TPALIUTHON MIrHoEpaaM, COTIDOTUBACHHUA afo-
BoHTOU! Sw 380 100 (cnaolsste AmEE): 75 . 10— (nynkvHpHbie madn), 0075 - 10" (L0TpwXry st i)-
HEfe JMHHK); OCTiuRHble UOC3INAYENHA Te e, UTO H nd purc. e

LEHN S HAMCHAIOTCS PACXOIB] BON K4K YEPE3 OCHOBIOH, TEK i Yepes THKOLLI He-
TOYHHK, KAK 3TO BHAHO U3 DHC. 5.26,

Jlaa craGuAu3aiHy Pacxold Bojbl IO TPAISHTHOR Marnerpatty IpH HIMEHE-
HUH CONMPOTUBAEH WA TOPOICKOR CETH Pery IsTop JaBJICHHA €i10C1e cefsnr Onlf yeTa-
HOBJACH HC MOCAe NOLKAUHBAIOIEr0 HACOCA 1A TPAHSHTHOIL MAIHCTPAJH, a TIoce
HACCCa CMEIEHHA B MUKOBON KOTeNEHOI. JTpH rex e H3IMeHeHHAX COUPNITHRIE-
HiA 260HEHTCKHX YCTAHOROK Pacxol B TPAH3HTHOH wardcrpasti, Kax BHIHO H3
prc. 5.27, cOXPAHACTCS HEH3MEHHbiM. Bee YBCGIHYENHE PACcXond BOAN B TOPOI-
CKOjt CeTH NOXDPBIBAEICH HACOCOM CMCUICHHA.

5.4. THAPABJIMYECKHE PEXXHMbBI CETER B ABAPHHHBIX YCAOBUAX

5.4.1. IPONYCKHAN CITOCOBHOUTE TENJOMATHCTPALH

TIpy NpoeKTHPOKAHHE TENIOBLIX ceTell BhYHO KAMKIAS MAFNCTPATL PACCUH-
ThIBAETCA HA TOKPBITHE TEMAGBOR HAMPY3KH JHIb CBOETO paiCha. BOaMOKEOCTH
ABAPHIAHOTD PesepRUPOBAHHNA ONPEeINOTCSL NPONYCKHOH CROCOOHOCTBI) MarH-
CTPAIH NPY AOMOTHHTEABHOV COCPEAOTOULHIIOM OTOOPE BOMBL U3 HEE B OJHON HAH
HECKOJABKHX TOUKaX.

Takas NpobiaeMa BOIHHKACT NPH OTK.JIOYEHHH OAHOM B3 MarucTpasel oT He-
TOIHHKA ¥ HCOBXOIHMOCTH LHTATh €€ 4epes TICPEMLIYKY OT OCTaBlIRHCH B paliore.
lloTepst KATOPA B MArMCTPATH NMPE STOM MOMKET OhTh ONPEACICHA D ofieM nuje
JHUIA IS HIACATH3HPOBAHHON CETH C PABHOMEPHO PaclpefeeHHON HArpYy3koi
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(1teTpepLIBHON WJH AHCKDETHOR) NPH NOCTOAHHUM AMaMETpe MarkCTPAIH HAH C
AAJIAHHBIMH 32KOHOM HAMCIIeNHa YJeJLHOH NOTEPH ZaBleHus W PACXOAAX BOIbI
y abOHEHTOB, HE 3ATHCHULMX OT pacnoaaraemoro Hanopa, PacyeTHuie GopMy.Iul,
NIC3BOAAIOULHE OIPERETHTE THAPABNHYCCKHH DEXKEM MATHCTAIU OPU YKA3EHIEN X
yeaosnax, npurenent B [70].

Ha puc. 5.28 114 MATHCTPAAY NOCTORHHONC 1HaMeTpa (10Ka3allo DAHAHHC OT-
HOCHTCALHOTO OTEopa BOALl K = Vg.p/ Ve, PACTIOJOKERHOIO HA OTHOCHTEILHOM
PACCTUSIHHM OF KOHUS MArnerpaan y = Lofle, tae Vo u L, — cymMMapssii pac-
X0 BOALI B MAarucTpajy NpH OTCYTCTBHH 0100Da W €€ 1 THHA, Hd HAMEHEHHE O7-
HOCHTEAhROIO PACTICIATaeMOrn Harmopa B Xowlle Maruerpaian A, /Ao,

Tak, HanpuMep, ec.TH IPH OTCYTCTBHH OTO0pa A, /A, == 0,5, Tc nipu oTHOCH-
resibnoyM otéope K = 0,2 B cepepsine Maricrpaiu (¢ - (0,3) anadeune AyA,, =
= (1,25, T. e. yMenbinaercs B 2 pa3a, a npu orbope 8 KOHUE MATRCTPATH (y - 0)
ApiDey = 0,14, T. . OTHOCHTCALHBIH HANOP B KOHIE MAUHCTDATA CHUMKAGTCS B
3,5 paza.

Hz pie. 5.28 BUAEO TAKXKE, 4TO NPH OORIVHOM OTHOCHTELHOM HANOPE B KOH-
ue ceti A,/ Agp = 1,3-4-0,4 BOIMOKIIOCTE TPANSUTHOTO NPONYCKA BOAM AAMKE B (e
THOTOCTOARHIO JNAMeTpA OTpaHudera. Pacnordaraembil HANOp CHEMKAeTCS A0
HY.JS TIPH TPAH3HTHOM pdacxcie, cocTabasiollem pcero 15 % HopmannHoro pac-
XOlld DOTLI B MATHCTPAAH. :

Lige melbRIHe BOSMOMKIOCTH A5 NPONYCKA TPAH3HTHOIO PACXO/E HMEET M-
FHCTPAA B © YMEHBUIAKINHMHECA RHAMETDAMH .
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Puc. 5.27. Puacxolu BOAW Huepe3 OCHORHON W MHKOBLIN HCTOMEERH TenapcHaDmenns:

DECYARTOND (AICTHA «N0cAe cefFy YCTAHOBJAGH Ha NepemblyEe NOGIC HACOCA CMEINEeHHA Ha PR T {2
J-75 ARTHARHIAG YEADIHA H DODINAYCHHE T XKE, 4T0 H Ha prc. 5.26
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Tminocumensmti wanop 8 Kowye cemy npu omeymemduy omdopa Ap Ay

Pue. 528, Bagruue cocpeAoTodeiiore otfiopa BOAE Ha QTHOCHICIL
HHEIE pacnoaaracsmuii RANOpP B KOWIe MArHCTPATIH  NOCTOHMITOrO JHa-
MEeTRa:

COAUWNE AWHILY — COCPENOTOUEHHbIR oT6Op B KM CRTH;
MM - v CE[eIHHE CeTH

IMTRAXOOEE JiH-

Ha puc. 5.29, ¢ nokazano BIRAHHE COCPELOTONERHOIT 0TOOPA K 1a oreocH-

TeAbHBI 1AMOP A/ Aer B KOHUC MATHCTPAJH C HELPEPRBHOR PARIIOMEDPHO pac-
npefenesHof HarpysKkol MpH dyuaxc/dyu, = 3 4 OTOOPE B KOHUE MATHCTPAIH.
Ha puc. 5.29, 6 npusejenb snauenus Aj/A,, Ipy 0T60pe B KOH/E MaricTpa-
TH € dypso/dunn = 1.0
[pu dyaxc/Guny = 3 1 "A%/A.. — 0,7 oTHocHTensHbi or6op £ — 0,2 B KOH-
e CeTH CHIDKAET OTHOCHTCILIENL Hanop B stoii rouke 1o Ay/d., — 0,12, 7. €.

A,‘?,I/A” / Ag/‘icr
Y7/ 1 ]
0.6 - i b A
) - /
pavdll il
4 O |— =9 - /
o/ 2l
02 A = g2 “};}"/ / o5
JAYA ki TSHE
Iy 52 04 ﬁi& 08 4n/8¢r 0 g2 4% 08 084,/0.

)

5)

Puc. 520 Baksuse coCPeAOTOUSHHOTO 0TGOPA BOAM Ha OTHOCHTessHH{ pacmona-
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nOUTH B 6 pas, a Takoi ke oTCOP B COPEIHIIE CCTH YMEHRIIACT HAIIOP B CC KOHILe,
KdK BHAKO 13 pre. 5.29, a, peero 10 0.6, 1. e. na 14 % as cotit ¢ day e/da -
= 1,5 Taxofi e oTBOP B KOHIE COTH CHHMKAET OTHOCHTCTbHA i nanmop ao 0.47.
1. e ita 30% (pue. 5.29, 6)

5.4.2, PESEPBHPUBAUKE TENJOMAFHCTPANTER

Hopuatugneivy  toxymeatavn 165 npeayeMaTpupacTea 1e140cHa0mKeNHe
PalONOB ¢ TCNAOBOH Rarpyskoft 350—450 MBT K 6osee OCYLILECTBANTI, He Menee
ucM OT Anyx marderpaded. [Ipy yicanHoM pacxoze cetesoit poam 10.8 wiy pa
I MBT cymmapnol renosci navpyski (12,5 v%'1'kan) pacxe ceTepoll BoL B wi-
FHCTPAan, crAGKAOWEN TOILIOM DAROH ¢ YK434HHOR TN oBod HATPY3KOM,  CO-
crapager 3500 4500 My, Ecoin npuHATL NBa  3144CHMH vIAEABHBIX NOTEPL; Ha-
nopa 4 i 8 MM/M, 10 YKAAHHBIM PACXOLAM BOI COOTBETCTEYIOT JHAMCTP R TR0 -
anix cerei 800—800 1 700—800 mm.

Takiy oBpasom, MArHCTPaauM ¢ anaMeTpoy cereln 700—800 MM 1t BLiIe J1on7K-
HbI HMETH CHHZH, TOZBOSTOUHC AyBIupoRATh NOLAYY BOAL B PAROM TEILTOCHAG-
AHEHHS MDH GBAPHIIOM OTKAKNERHHE JRO0TO YYACTRA KAAGION MATHCTPAJTH.

PaccMOTPHM ye 0BHA PeAAH3aILHE ITHX PEKOMEHIAUHE 11a NIpUMEpe Tellit OBO
ceru, cHAGKAWEeN pafion ¢ TenackoR Harpyskoit 1850 MBr (1600 Mkamn/y). Cxe-
Md PACCMATPHBAeMolt cern npefeTasrena ua puc. 5.30, u.
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CrRe rpahury npy OTRIRGCHEN O THovo 0 VEACTKOR obpitrnol nHHH MacrdceTpaan (6
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B BO/ TEMIOTH OCYULECTRASETCR N0 ABYM TPAHIHTHLIM MACHCT padliM AHAMET=
poM 1200 vy # IAMHOM H kM. Pacxoi ceresoft poast ot TALL 20 000 M /u.

Ilpy pacxose 10 000 M1 B KaXKI0/ MArdCTpaTd YIe/bERIE OTEPH HAMUPH CO-
cranasior 4.1 Mmim. obitpe notepy 22 M. Kaxpaw ua 9THX marncrpadeit pasae-
AReTesl Ha 1pe JuaMerTpoM o 800 M. nAKHON D KM. B HAu4C B B KOHLE 3THX Ma-
rHCTpadcit COCPEAOTOUCIILI HATPYSKH N0 116 MBT (100 Tkaaiu) ¢ pacxouom
1950 m¥iu. Tpansuthbidl pacxos Tenaorh 230 MDBr (200 Txaa‘y), pacxol DOk
o500 m*/u. Takum aBpasoM, PACXO;L 10 ITHM MaIHCTPA.1IM 3750 M*f4, yueabybIC
novepu kanopa 5 MMM, ofillasg NOTEP#H HANOPA 25 M.

K aiaas Wz Maruetpaded auamerpos 800 MM pajiedsierca Ha ABe MarncTpa;
i auavietpos 500 Mm, JLTHIOR B KM ¢ paniioMepto pacnpeiedeHnoil 11arpy Ko
no 118 MBr (100 I'gan/y), pacxoa H2 HAYAIKHOM  YHACTRE 1250 M*u. Tlpu pac-
HOACHKCIHA  HAIPY3Ki B KOHUE MACHCTPAAM JaveTpoM 500 MM C pacxOIOM
1250 mM%/4 yacasuele notepu 5.4 MMM . obiine motepi 27 ., [IpH paRHOMCpIIO pac-
MPCASIEHHOH HATPYSKE B MATHCTPAAH TIOCTOHRHOTO mAamerpa IoTepi B 3 pasa
veHhHIE B COCTABARIT 9 M.

ThesoverpHYcCKHA Tpadiik NIpH PacuerHON peskie paceMaTPURAEMON CeTH
npecTaBiaer Ha DRC. 5.30. 6 (cnaomuuie nupk). Kak BHARO U3 PHC. ”.30, 0.
fanop 8 OHPATHON JHHHM B KORLE CeTH (IPH NPRESATOM TOP HIOHTA! hHOM Pelbede
WECTHOCTH) COCTaBasweT 71 M. PaciogaraeMplii HANOP B KOHIE COTH COCTARTACT
28w, 7. e, (0.2 pacnoaaraeMoro 1anopa fa [311. Cpennee ua Beed MarucTpadi
yACILIOE MTaleHHe HATIOPa 3,74 wmiM. B pacevATPIBAMOM (WTYHGE KA, 1A H3 Ma-
rireTpaaeil paccuuTana TOIhKO 11d TefsocHABKeH e CROETO pafiona Gely yueta pe-
3CPBUPDORBAHHNS COCCALEero

Fa coxcie ceTH HAMEUCI] NePEMKUKH MeXly MATHCTPATHMY AHAMETPOM 1200
W 800 MM. TO3BOJSIOLLHE UTKAOYATE JAHOOH YHACTOK THX Marierpateit. Tlpu
STOM, OQNAKO. 110 COOTBETCTBEHROMY YUACTKY AyGAUPYIONCH MATRCTPAIR 0.1
WMeH HNPpOXGAIHTL }’ﬂ,BOElithﬁ pﬂC)’.O,‘l BOABl, 4TO YHEJ’HquT noTepH nanopA nad
STOM yUACTKe # 4 pasza u Aaxe Oe3 yuera norepl I1anopa s nepeMLiKAX npHBeIeT
K HEAQNYCTHMOMY CHHMKEHHIO NANIOPd B HOAZOLLEN AHTIRY CeTH KAH K VBeAUICHHIO
yanopa ¢ oOPATHONR JHHHH, KAK NOKA2aHO PHC. 5. 30, & (INTPUXOHKBIC U HITPHX-
tyaxTHpHLE AHHHK). Caciyer OTMETHTL, HTO 3TH rpapHKH NOCTPOSHE! LPH pac:
YeTHBIX PACXOAaX BOAH Y a0CRCHTOB. Kak BHANO K3 3700 NPUME)A, TPOKIALKA
COPAMHHTELHBIX NepeMBlIer cama 1o cebe eue 1e obecnediiBaeT BO3MMKHOCTE
[IOAHOID B3AUMHOTO PE3EPBHPOBAITHSA marucTpanefi. [AAa sTOro BO3MOKHBL ANA
HVTH: YBeIHUeHHE AHaMeTpa MArUCTpadedt, . €. CHUIKEHNE YISTLHBIX I0TCRE Ha-
AOpa P PACUCTIIOM PEXCHMC, HIH COOPYHEUNE HACOCHDLIN NOACTAHILHA.

[1a puc. 5.31 nokasanbl CXema CeTH & YBEJAHYSHABIMH AHAMETPAMY MaruCTpa-
Aeit, 0BCCTeYHBAIOULMMI BOSMOMKHOCTh OTKIONEHHA MeHors y4acTKa MarncTpa:
1, ¥ COOTHETCTRYIOILHE MbE3nMCTPRUBCKHAE rpaguxi. Hlas ynponieHus pacueros
Hp# NOCTPOCIHK 9THX I'PagHKOB He YHUHTLIBAIHCE NOTEpPH HATIOPA B CORIMHUTEID -
HBIX Nepemhiykax. '

Kax siano wz puc. 5.31, BOSMOMHOCTh HIAHMHOTO [ICICPBHPORANHA obecne-
GABAETCN , CCAN YBENMUKTh AHAMETDB BCCX PESEPRKPYEMBIX MATHCTDAACH HA OUKT
paasep, 7. e. Bwecto £51200 npuiaTs (41400 W Bmecto {4 800 wMm  TIPHHATH
= 900 mm. B ceTH ¢ yReAWYSHHRIMY AHaAMETPAMK OTHOCHTEILILIM pacioaarae-
Ml HATIOP B KOHLC CeTH COCTaBIACT 0,55, a cpernne yjiebHble LOTCPH Hallupd
2.1 My, 3TO NPHBOAKT K YBETHUCHHI) MaTepHA/NLHOR XAPAKTEPUCTHEN $THX Marm-
crpadeil na 13,8%, a pceft ceTd - - HA 8.5% 03 yueTa MATEpPHAALHOH SapdrTe-
PUCTHKE (IEPEMBIUEX. CoeguHHTe  bHBbIE TTepeMbitiKH geaecondpastio CORMCLLATE C
PACTPELLARTEALHDIMA  CeTTMI, OTXOAHILHMA OF MATHCTpAdLeil, MPHHHM&EN 135
WX TOCTOSTRHBIN AMAMETP. DABHLI AMAMCTDY  COEJWHACMBIX — Ma ricTpasie.
VEBe HUeHHE MATePHAIhHOR XaPaKTEPUCTHKH C€TH 34 CUeT yKazalHblX NepeMul-
YeK 3ABHCHT O1 KOHKPETHLIX }-‘(‘JIOBHﬁ: paccToAtiy MCHIY MAHCTPOAAMH, Jlna-
MET)H PAcTpeleNuTe I bHbIX ceTell. 3aMellfeMbIX NepeMbluKAMH, i T. 4
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Pie. 531, Cxema ceTH ¢ VRCAHUCHHBIMH AMAMCTPAMY Marerpaach,  oGeCeudRA0MIYMH
RIMHMII0E puiepbiiposuane 0¢3 NACOCHBIX TOICTAHINA, M IILCIOMETPUICCENC  rPAhURH N
OTIHOGCIHH UAROTO B VHACTKOB 00paTHON AMHYH Ma) dCrpain

Ha pne. 5.32 nokasanb cxeMa ceTH ¢ gHaMeTpamu Marucipasell, onpelesen-
HEME O3 YUCTA PIEPDUDOBAHMY . ¢ HACOCHBIMH NOJACTATILHAMYE 4 COUTBOTCTHY M-
WHC BLEIOMCTPUUECKIE TPAPUKH NIPH 1TOPMAJILIOM POXHUME I [IPH OTKIIOYEIIRY
BUEX YHUACTKOL Pe3eDBHPYCMLIX Maructpaaeii. [(ak BHAHO K3 310r0 rpadmka, Boz-
MOACIOCTL BIANMHOUO PEe3eDBHPOBAIIHST ODSCNIEYHBACTCA NP COOPYXMEHHH Hacoc-
HBIX NOMCTANLHA 118 TONAIOWCH W oGpATHON AuHUSIX ¢ Hanopamu no 40 m. Hacoe-
Hast NOJACTAHUHA, PACHOMMIKEIIAA B KORUE TPAHIWTHON MarueTpann 471200 MM,
HOGOXOAMA TOABKO LTSt CIIBKREIIHS HANOpa 8 OOPATHON IHHIN CETH NDH aBapHi-
HOM OTKIIOWENHH OOPaTHON sarderpaau na yvactkax /-2 w 2.3 (puc. 5.32, 6) u
Ha yuactke 3-4 (pue. 5.32, g). [Tacocnan, pachosOMCHHES HPHVIEPHO B CEpPeTH He
CETH, AOMHHA BKIIOUATHLCA TP ARBAPHAHRX OTKIOMENNAX VIacTkon J 4 # 4-5
(puc. 5.82, 0 1 ¢) Kak na nosaowel, TaK ¥ HA oGpATIOR MUK, Hozromy aosixHa
UMETh'H BOZMOIKHOCTE COOTECTCTBYIOMIHX TICPEKKUBHIIT B CXere HACOCHOH 1101
CTAHIUNN. ITH HACOCHBIE HOMDKHbL BRAIOUATECH THULL P 11606X0IUMOCTH arapHii-
HOIO pe3ePENPOBAHNA, T. @, OUH #BAAI0TCA pracpsanivn. CyMMEpan YeTaHoB-
JEHBAS MOULNOCTL Hacoeow cucTaBaseT 4650 kBT, wau 30% veTanonacuHol Mo -
HOCTH HACEHOR HA CTRHIMII.

TTOCKOABKY HACUCENE SRAMKIECS PE3ePBHBIMI, FOIGRON PACXOI 91eKTPOSICD-
ThH Beanavvreden. [Ipin coOpyKenun 1aCOCHBIX HOACTAHITII MOMET DACCMATDI-
alik UU



BATBCH BAPWANT KX HCOOAK3OBAIHSI B KAUECTBE pAfounx B CHHKEIHs 34 3TOT
¢YeT JHAMETPOH MarucTpadef.

Pacuertul paccMaTpuRacMoll CeTH NPH YMEHBIICHRLIX {12 OAHE Pa3Mep ANAMET-
pax Ha BCEX y4acCTKax jloKazaflu. uTo THAPABIHUECKUN PeMHM NPH [IOPMAALHEIX
YCAOBHAX OOECTIENHKBAETCH JABYMA MOCTONHHO paGoTAIOUIHMH HACOCHBIMHA B TOY-
wax 3 u 5 ua monaomed 1 oGpaTROM THIKAX ¢ Hanopavy 50 v. Apapufinsie pe-
HMAMLI OPH 3THX y{‘...v'IOB}[ﬂX. Kax MNOKdA24.71H1 ['IPOBC,CLE{II!LJE pacuevbel, MGIryT OLITL
ofiecieuetbl AHINEL TYTEM COOPYHCHHA AONOTHHTE KO RILC ATH RECOCHBIX T0/1-
CTAHIMEA, UTO NPAKTHYECKH HEepeasibHO.

Ha npakTrxe npit GOIbIOM PAsICOOPAHL eXeM ceTeH M MEeCTHBIX yCA0BHE
MEPONPHATHY N0 PEIEPBHPOBAHKK) HAMCHAIOTCS HA OCHOBANITH pacdeTa rHipas:
AMUECKHX DENKHMOB TelJIOBEIX CETell B aBAPMHAARIX YCJIODHAX, KOLLA (L0CUCPCA-
HO OTKJKISAIOTCA YYACTKH OCKOHHBIX Marucrpadeit. Tlpm KamaoMm w3 OTR.Oue-
HIH CTABHTCH 34jaua OBECTIeUHTh ¥ BUeX alOHENTOB PACXOIbI CETCBOH DOAB! HE
HIiKe, 4 RancpLi B OOPATHON JHHUH 11€ BEIUIR 3ANUHHAIX.

[TpoBepeHAhie HCCIe10BAHHA upuuycuﬂoﬁcxmmoéﬂocn4Tenﬂnmarﬂcrpaneﬁ,a
TAKKC CXEM DeIEPBYPORAHHA HICANHSMPOBAHHLIX H DEAIBHBIX cerenn 18] noxa-
SLIBAKOT, W0 TPH NPOEKTHPOBAHHH TCT/IOBLIX CETeH pavoEa TEIIOCHAbKeHHs v
Temaopoit narpyskon 350-—450 MBT, uemy cOOTRCTCTBYIOT MATHCTEATH AHAMET-
pom 700—800 MM . ZOTKEEL IIPEYCMATPUBATLCS MEPONHATHA , ofieciieudBAKINME
TenIocHaGKel He AO0HCHTOD B dBAPHUHBIX YCAUBHAX. T. €. JIDH OTKIIOHCITHK 1HY -
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0oro yyacrka MAarucTpany Ha nojawouled Wi o6paTHo# JHHHH. OCHOBHBIMH H3
3THX MEPONIPHSTHH ABIAIOTCS:

1) uCno.b3oBaHKe CYLIECTBYIOIHX PAHOHHBIX KOTEbHbIX B KauecTBe pesep-
BHBIX; COEJHHEHHEe TEePEMBIYKAMH CMEXHBIX Mardcrpanedt OAHOW HJH pasHbIX
T3LL; Beifop nHamMeTpOB MarucTpajeil ¢ y4eToM JONOJHHUTENbHOrO TPAH3HTHOrO
pacxoja BOAbl B aBADHHHBIX YC/IOBHSX; COOPYJKEHHE CleLHalbHBIX pe3epBHBIX
HACOCHBLIX MOACTEHIHA H HCTIOAL30BAHHE NIl lLieJlell pe3epBHPOBAHHA pabouHX
nopcTaHuui. IIpHasTHIE MEPONPUATHA NO Pe3epBHPOBAHHIO JROKHBI ObiTh 060-
CHOBaHBI pe3yJbTaTaMH Pacyera IMAPABJIHYECKHX PEXKHUMOB ceTeill B aBapHHubIX
YCIOBHAX,

2) coBMmelleHHe TIepeMbIYeK MEXAY MATHCTPAISMH € PACMPeIeNHTe IbHBIMU Ce-
TAMH. [HameTp nepeMblyexk B nepBOM MPHOJIHKEHHH JOMKEH NPHHHMATbCS paB-
HbIM JHAMETPY COEJHHAEMbIX MaruCTpaJjeil; pacCTOAHHE MEXKIY NepeMbi4KaMH
JIO/IZKHO BBIGHPATLCS M3 YCJIOBHS, YTO IIPH daBAPHHHOM DPeXKHMe TPHMEpPHO Y/BO-
€HHBIH PACX0J BOJAbl HAa YYacTKe He NPUBEILT K HeJOMYCTHMBIM HANOPAM B CETH .-
OpHreHTHPOBOYHO, KaK NOKA3a1H NIPHMEPHbIe PACYEThl, ITO PACCTOSIHHE MPH OObIY -
HO NIPHHIMAEMBIX Y/I&JMbHKIX NOTEPAX HANopa coCTaBaseT 2—4 KM,

3) B3aHMHOe pe3epBHPOBaHHE MaTHCTpaJeH ¢ NOMOILLIO flepeMeluek 6e3 co-
OPYXKEHHSA ClelHa bHbIX PE3ePBHLIX HACOCHBIX NONACTAHLHIT MPU CHUIKEHUH yACNb-
HBIX NOTEPL HAMOPa B MArucrpansx oT OObIYMHO nNpHHHMaeMmbix 4—5 no 2—
2,5 MM/M, a TAKXKe DU pacIio1araeMoM Harnope B KOHILE CeTH, PABHOM NP HMEPHO
NOJIOBHHE PACTIOJIAraeMOro HAllopd B HCTOUHHMKE. Y Ka3aHHOE CHHKEHHE Y, 1e/IbHbIX
NoTepb Hamopa AOCTHraerTcs OObIYHO YBEIHUYEHHEM JHaMeTpa TeIsIoNpoBOAa Ha
oaut paamep. [1py o6bIYHO NPHHHMAEMbIX YAEJAbHBIX NOTEPSAX Hanopa 4—5 Mm/M
H pacriojiaraeMoM Hamnope B KOHLe ceTH, paBHoM 0,2 Hamopa B HCTOYHHKE, B3aHM-
HOE pe3epBHPOBAHHE MATHCTPAIEH ¢ NOMOLLLIO NEePeMbIYeK BO3MOXHO JIHLIL NIPH
COOPYKEHHY De3ePBHBIX HACOCHBLIX noacTtaHuuii. OpHEeHTHPOBOYHOE paccTosHHe
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MEXKJTY HHMH MOXIIO OUEEBTh B 40 KM, 2 HAMop - - 0,2—0,3 Hanopa b HCTOYHH-
Ke,

Peaepnibie HACOCHBIE NOACTAHUHH eseccofpa3ro yeTaHapIHDATE B TOUKEX
HpﬂCUt‘,&HHEH’Hﬂ HC]}EMH‘IE}{ K OCHOBHBIM MHI‘I—ICTP&JI)’IM. CX('.‘M?! JOMTAHEA A0y -
craThL HX HCMONB3I0BAHME KaK Ha NMoAalLelt, TAK H Ka ofipaTHCH JHHHU OCHOBHOM
MArdCTpaan HIH TICPEMLIYKH H NOAA'Y BUJN B 0OOHX HaNpaBIeHUAX.

flagsea wecran

FHJIPARJTHYECKHE PEXHMbl OTKPbITBIX CUCTEM
TENAOCHAB)XEHHA

[HaAparIngecKHe PEKMHMBL CTKPbIThIX CHCTCM TeLIOCHAGKEH A CYLLECTBEHIO
CA0XKIEE THAPABIHYECKMX DCHHMOD 3AKDBITHIX CHOTEM. 10 OOYCTORJIEHO TEM,
YTO HAT'Y3KaA TOPIIYEro BOAGCHAGKEHKM A, PL3KT TTePEMERKAN 8 TeUeHUC CYTOK, He-
[I0CP eACTBEHHE UTPAMACTCA 1A PACXOAAX BOALL B CETH H LABACHHAX B L0 AKNICH H
OOpATHON JHHHAX, DTH TIAPAMETPb 3HAUKTEIBLO HIMEHAICH KaK B TEYCHHE Cy-
TOK, TAK H B TEUEHHE OTOTTHTCILHONO Ce30Ka, B OYKPHITHIX CHCTeMaX MpUMeHAoT-
CH, KaK TIPABHAO, MECTHEIE TEMAOBbIE NOACTALLEH 0es pery.aTopos DacXona.
JHIIL B DOCAGNHEE BPEMA B KPYDIILIX TOPOAAX € OTKPHITOK CHCTEMOH HHWAIH CO-
OPYKATHCA TPYNNODLIE TEILTOBhIE NOACTAHIHE € He3aBHCEMON CXCMOMN [IPHCOeH -
HEIHS CHCTeM OTONIEHRS , DeKOMElAoBaHksle b [27].

YcTauoBKa peryJaToOpoR Dacxoja TCPel CHCTeMaMH OTOTLICHHS DPHBOAHT K
IHAUHTEILHOMY YHeTHUCHUIO PACUETHHX PACXOL08 BOALI, & COCTBETCIREHHO H AH-
AMETPOB CETH, NOCKOJBKY B 3TOM .1y€ac PACUeTHBIH PACXO paBell CYMME pacxo-
10B BOJB HA OTOMJCHHC K TOPSIYee BOAUGCHAMKCHHE,

YCTanoBKa peryasTopok pacxona neped aboHeHTCRHMH BBOAGMHA A0 TOUKA OT-
ﬁupa BOAR AA TopaYee DBOAOCHAGHGHHE 13 NOAAKILEeH JWHUK NPUBOINT MPH 34BH-
CHMON CXeMe TIPHCOEIMHEHHS CHCTEM OTOILIEHHH M OTCYTCTBHH HacotOm CMCLIC-
HHY K ARAYHTCILILIM KOJe0AHEAM pacX0ia BOAL! 118 OTOILIEHME. DtH Koaebagusa,
HAMIIOro GOJbLIHE, YEM TPW OTCYTCTBHMH PEryJsropa pacxoia, Ee01a1onpuATIO
QTpHAMATeS Ha paboTe CHCTEM OTOILICHUI.

BO MHOTHX OTKPHITRIX CHCTCMAX OTCYTCTBYIOT PEFYAATOPL! TEMOEPATY DB BOEL
Ha ropsyce pojociiadikeHue, B BoLepa3top NPOH3BOAKTC R SABHCAMOCTE OT TeM=
NepaTyp CeTeBoi! Bojih JHO0 UCNHKOM H3 nopAcnie, J60 UeABKOM ua 0OpaTioH
JIMHHAH.

[IpH YKA32HARIX VCJAODHAX €IHHCTEEHHBIM MCTOAOM Pery/MHpORaHHA OTAYCKA
TENA0TH HA OTOMJIEHUE HBAAETCA LCHTPAABHOR PEry.aupoBaite, KOTopoe AOIKHO
KOMIEHCKPOBATL  KoJebalins pacxoaa BOIK Ha OTOMIEHHE COOT BCTCTBYOWLHM
HIMEREHHeM TEMNepaTyphl CeTCBOH BOIBL, T. €. IOIEPXKAIHEM TEMIEPaTyPHOTO
rpaduKa, pacCYHTAHHOTO HA COBMECTHYIO HAPYIKY OTOMAEHMS W TOPIHEro BoL:
cHabierns. LeapaibHoc DPEry ypOBAHNE B OTKPBITLIX CHCTEMAX BOSMOMIO
JMUTH APH NPONOPUHOHATLHON pU3PeryIHPOBKE OTOMHTE/ hHBIX CHCTEM.

PacemoTpum 1rwApaBiIHUecKHe PEKHMBL OTKPHITRIX CHCTEM TeMTOCHAKEIIH S
Ka NPHMEpE HIealH3HPOBAHHON CETH C DABIIOMEDPHON HA rpY3KOH.

6.1 HWAEAJIH3HPOBAHHASl CETb C OJAHHM HCTOYHHKOM NUTAHHS

G.1.1. ABOHEHTCKHE YCTAHOBKH GE3 PECYJAATOPOR AABJNLHHA <10 CERA»

B § 3.4 6ol10 NOKA3aHO BJIMSEHE, KGTOPOE DKA3BIBALT HEeNOCPCACTBeHHBIH BO-
20pasGop u3 NOAUCH H 06paTHON JHHIK Ha rHAPABAHUYECKHH peskun aBoHelT-
CKOIt YCTAHOBKM, W ObliM OUpEedCHLl YCIOBHR, IIPU KOTOPHIX HMEET METTO 1po-
NOPUHOHATEHOC H3MellellHe PAacXOla BOJhl HA OTOMIGHUE B CETH € TAKHMH yCTa- .
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HOBKaMH, ofecredrBaolilee BOMOXKHOCTL HEHTPALHOr0 KaUeCTBEHHOIO Pery.Jin-
POBAaHHMA OTNYCKA TENJOThI.

ITH yCIOBHSA CBOAATCH K TOMY, YTO Y BCeX 4GOHEHTOB CETH AO/DKHBI ObITh
OJHHAKOBLIE  OTHOCHTE/ILHBIE PACXOABI BOABI Ha ropsavYee BOAOCHaOMKEHHE
(n = V/V,); oinHaKOBBIE JIOJH OT6OpA BOABI H3 NOAAIOULEH U 00paTHOH JnHui
(B) ¥ oanHAKOBBIE (OTCYMTAHHBIE OT OAHOrO YPOBHS) NPKH PACYETHOM PEKHME Ha-
NMopHl B TOYKAX 0TOOpa BOAbl Ha ropsiuee BojocHabxeHue M3 nojawolled ¥ obpat-
HOM JIHHUT. DTH HANOPB! JOCTUTAKOTCS YCTAHOBKOHW Ha TENOBbIX NMYHKTaxX COOT-
BETCTBYIOILMX APOCCEIbHBIX waib 1o W mocse To4eK orbopa BOABI Ha Topsdee
Bojgochabkenne, Ha pasHocTh 3THX HanNoOpPoOB paccuyyTaHbl COMJA 3.J€BaTOPOB.
Tlpn Haayuum ye10BlHi, o6ecreyrnBalomMX TPOIOPUHOHAIBHYIO Pa3pery.THPOBKY,
ceTh C JKObIM YHCI0M a0OHEHTOB MOMET PaccMatpHBaThCsi KaK CeTb ¢ OJHHM K-
BUBaJeHTHHIM aforenToM. Pacxoibl BOAL! B TAKOI CETH IPH HAMHYHU Boiopa3bopa
onpefeasoTCH No GopMyJiam, npubeieHnuiM B § 3.4.

Ha puc. 6.1 npeacTapieH FHApaBIHUYECKHIT peXHM C€Th, B KOTOPOH HMEIOT
MECTO YCJIOBHA, 00eCledHBaloLiHe TPONOPLHOHA/IBHYIO Pa3peryJ/JHpoBKy OTOMH-
TeabHbiX cucreM. Ceth BKJO4Yaer naTb aDOHEHTOB ¢ PacyHeTHBIMH PACXOJAMH BOJEI
Vo.p = 316 M*/u. Pacnonaraemuiit nanop na cranumd Agy — 105 v, y  nociei-
nero abonenta AP = 25 m. Pacnoaaraemeie HANOPHLl y BCeX aDOHEHTOE O1WHAKO-
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Puc. 6.1. NuipaBianyecknil peuM CETH € HENMOCPEACTBEHHBIM BO10pa3fopoM; pa3peryJanpos-
Kd OTONHTEABHLIX CHCTCM B/LOJB CCTH NPOMOPUHONANDbHAS:

NI0HKle KauGpPbl B TU4KaX oTGOPa BOAB HA FopAuce podocHa(xenMe (P, ¢) COHBAKOBhR! H pasybl Hano-

paM Yy nocacancro adoncHTa;, @ — NbLe3CMOTPHUYCCKHE TrpadiHKH NpPH OTCYTCTDHE BOROpa3stopa {CrjolunLic

JHHHHI. UIPH BOAOPasHope H3 HOJAIOULCH JHHHE {IUTPHXOBLEC JHNHH) K H3 0OPaTHOR JHHHH J(IITPHX-

HyHRKTHDEDIE ..'lHHlIH}: 0 — cxema CeTH, Ha ylla'::'r](ax it ¥3haxX CCTH VKa3aHi COOTBETCTBEHHO PACXOILI

HOALL, MYfu, M IEHODH, M, HPH TPex pemHmax (CRePXY RBEH3): OTCYTCTBEW Bodopaibopa, Bogopasbope w3
nogawmefl v obpathoit aunil
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phl # paBnu 25 M. OfMHAKOBLI MOJHEE HANOPH ¥ BeeX afoHenToB (B TOYKax b H ¢)
H MOTEpH Hanopa B NOJalWeH W OOPaATHOH JAHHRAX NPH PACHETHOM PEMU-
me. OTIoCHTeIbHELIe PACXOAbi BOABL A ropAuee BoaocHal:xenHe y BCeX afOHEHTOs
omnuakosel, 1 = 0,6, PaccMoTpeliLl pemEMLL ¢ ROJopa3bopoM H3 NOAAICIICH AH-
auk (§ — 1} ¥ poaopazbopom ks oOpardoi awduu (P = 0). OtHocuTeabHbI pac-
X0, BO/Lh HA OTOTMNICHHKE ¥ BeeX aCOHEHTOD NPH adH4K4 Boaopastopa OAHHAKOB H
papell & epeoM cayude ¢ — 0,73, Bo wropow cayyae ¢ =: 1,19, uro ToyHo coor-
BETCTRYeT PACYETHLIM 3HAYCHHSM N0 dopmy.te (3.23). PaccmorpnM apyroft Kpafi-
HMA cnyuad, KOrjgd y Beex alOHEHTOR OTCYTCTRYET CHEHAIhHOE ADOCCE HPOBA-
HME W COTIJIA TeBAaTOPOD PACCUHTAIIL! HA BECh pacnoaraemMelit HANOD B TOUKE NP K-
COSTHHEHH R K CeTH Kaxaor0 atodenta. [lpn 3toM HATOPK B Toukax ot(iopa BOh
PARHEI COOTBETCTBYIOIEM NGAIBIM HANOPAM B TIOJalolel # o0paTHO AHEHAX.

Ha puc. 6.2 npejAcraniens THIPABIHYECKHC PEXUMBI CCTH B 3TOM CJy4ac.

M3 puc, 6.2 BuIHO, YTO HMeeT MeCTC CYLLECTBeHHdsi HelpOIODUHOH afbHAN
PA3PErYJHPOBKE GTOTHTEALHBIX CHCTCM; [IPH Bojopasfope W3 nojalomler JH-
HHH 311aYeIHA ¢ COCTaBAAIT y nepBoro abonenta 0,97, v nocueswern 0,63, 1. e,
pACXOJR BOEBI Ha oTOnicHue pasapuaiorest 8 1,5 pasa. Ilpu eonopasBope u3
OGPATHOH JHHEF 3HA'RHHS § COCTARAYIOT coorsercTBerHo 1,025 y ncpsoro
1,24 y nocaepaero aGoneHTa, T. e. pasanyatoren B 1,2 pasa.

PaccMOTpEM NMPpOMEXYTOUHBIA ¢/y4ail, KoTjld y Beex aCOHCHTOB COIa pac-
CUMTAHBI HA OJIWHAKOBLIH pacnonaraeMulfi Hamop, pasHblil PACoNATAEMOMY HAMNG-
DY V NocaefHero aG0HERTA, OAHAKO JPOCCCTHPGBAHKE H30LITOMHOTC HAaopa npo-
M3IBOJIKTCA TOALKO B NOJAIOWEH JAHHHH Nepef TOUKOM 0T60pd BOM HA TOpHUee
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193

Pre. 6.2, Tuupaniuacckuii pessMM CeTH © HEMOCPEACTBEHHBIM BUA0DAICOPOM; PARPETYAUPOK-
Ka OTONMTEIBHHX CHOTEM BIOIhL CETH HCRPCHUPHHOIAIRHAR

NONHLIE Halupe ¥ Feuxax orvbopa (b, ¢} pasHll NOMUNM iANOPEM B COTH
atoucuTos (4. d); uGoiatenwd T¢ e, ¥T0 # HA pHe 6.1
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Puc. 6.3. I'napaBasueckuil pexxuM ceTH ¢ HENOCPEACTBEHHEIM BOJ0DPa3BOPOM:

PAIPETYAMPODKA OTONHTCARHLIX CHCTEM BAOMAb CETH  HENPONOpUHONAJAbHAN, PACHOJATACMbLIC Hamoph
B TOUKax orfopa OAMHAKOBBI, NOJHBE HANnepbl — PAazAHYHLI APACCENHPOBARHE TOALKO B MOJAOLIHX .TH-
nunx (c—d); oGO3HAYCHHA Te Ke, YTO H Ha puc. 6.1

BoJlocHabxeHue (TouKo# b). Peaynwbrathl pacueros, npencrasJieHHbe Ha pHc. 6.3,
DOKA3bIBAKT, YTO OTCYTCTBHE JIMIIbL OAHOIO M3 YCJIOBHH, o0ecneunBaiollHx Npo-
NOPLUHOHATBHOE H3MEHEHHEe PACXO/I0B BO/bl HA OTOMIEHHE, B JaHHOM CAy4ae OIH-
HAKOBBIX MOJHBLIX HAOPOB B TOYKaX OTOOPOB BOJBI HA ropsivee BojocHafikeHue,
NPUBOJHT K 3HAYHTEJNDLHON PA3PETy/JHPOBKE OTOMHUTEIbHLIX CHCTEM BIOJbL CETH:
npH BoA0pa30ope K3 nojalouwlel JHHAK y nepBoro abonenTa ¢ — 0,53, y nocsreu-
sero 0,81, npu Bonopaztope u3 ofpaTHoll TMHHK — cooTBetcTBendo 1,03 w 1,25,

[TpuBesenHble TaHHbe NOKA3LIBAKOT, HACKOALKO CYIECTBEHHOMN SIBJSIETCS He-
NPONOPUHOHAJLHAS Pa3Pery/JJHPOBKA OTOMHTE]bHbIX aGOHEHTOB fpH GOJBIIHX

3HAueHHsX BOAOpastopa H HH3KOH rHAPaBAHYecKol yeTofiunpocTu cetn (AL/ALL =
= 0,24).

B OTKpPLITRIX ceTAX EAWHCTBEHHOH BO3MOMKHOCTBIO BJHATL HA 3HAYEHHS
§ Yy OT/le/bHLIX aOOHEHTOB $SIBJSETCS IHIPaBJIHYECKAs PeryJHpoBKa BBOLOB, 3d-
KMOYA0IAACsH B YCTAHOBJIEGHHH NPU PACUETHOM DEXKHME B TOUKAX OTOOpa BOIMI
H3 nojaoileil H o6paTHOW JUHUE ONpelesieHHETX HAOPOB. STH HANOPLl YCTAHAB-
JHBAIOTCA COOTBETCTBYIOULHMH JIPOCCEAbHBIMH WaibaMH W COMAaMH 3.,1€BATOPOB.
AnaH3 BO3MOMHOCTH 06eCNeUdTh 3THM NYTeM OIHHAKOBLIE 3HAUeHHs ¢ y abo-
HEHTOB C PA3THYHBLIMH 3HAYEHHAMH 7 H COOTBETCTBYIOLLASN METONHKA PeryJHpoB-
KW TEMJIOBBIX MYHKTOB IpHBeeHbl B [22].

Kak nmokasaHo Bbille, peasM3alus yCJIOBHH IPONOPLUHOKAILHON pa3peryJii-
POBKH OTONHTEABHBLIX CHCTeM TpelyeTr 3HAUHTeIbHOTO APOCCEqHpOBaHUA B ofpar-
HOR JHHHHM CHCTeM OTOIJIEHHS] BCEX 3/IAHWH, B TOM YHCJE W MaJo3TaXKHbIX, pac-
MOJIOXKEHHBIX B Hauaje H B cepejHHe ceTH. [IpH 3TOM HaB/ieHHe B OTOMHTEIbHbIX
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Prc, 6.4, [HAPUBAWACCKER PKAM CETH ¢ HENGCPEICTBEHHAIM BOAOPE3BOROM TIPH HANHTHA
v afoHCHTOR [eryIATOPOR fOANOpd,

PGP YARPOKK FIGNATEARIBX CHCTEM BIONL <ETH NPONOPUBRNAILIEEN] YCALUBHA rHApaBANYECKOl pery-
AEPOBEH B of0lnauedH re Xe, YTo H Ra puc. 6.1

CHCTeMaX 30aHRM IPHOGHKASTCH K BCPXIIEMY NPEAeay. Yro CHAMACT HALCKIIOCTS
ux sHcmIyatanny, | 103TOMY BO3HBKAET BOIPOC O TOM, KaKHM 00pazoM U30EKATH
YKA3aHHEIX 3aTPYARECHHE 1 OJHOBPEMEIIO B MAKCHMAILHON CTENCHY O0eCnednTs
NPONOPHHOIANLIYIO PA3PErYAHPOBKY CYONWTCALHLIX CHCTEM BIO.L CETH.

Kak BHIHO M3 1] UBTCHHEIX BLINIE Pe3YJIBTATOB pACHeTa, DAa3peryAupoRra
BAOJDL CETH JMAUHTETLHO GBI 1K BO10pa3fope U3 MCIA0IMER JBHHI, YCM DN
ropopasoope u3 06paTnoi THIun. Mexay Tem, KaK CICAYeT H3 (3.24), ordocu-
TeIBHE: PACKOI BOAB Ha GTOIJIEANC TTPH BOACPA3BOPe M3 NDJANUICH ANIHH O
pelessieTca TOJRKO 3nadenneM S, T. ¢. LPOCCENTHPOBAHIEM X noOLAoWed ARIKK,
W He 3asucHT o §77, 1. ©. OT IPOCCENHPOBAYNS B OBpATHOR JHHKY, ITO 03HAUACT,
9TG IPH APOCCEARPOBAHHH TOALKO B TOAOWCHE JHIHH TakuM 0bpasow, utodul B
TOUKAX oTOOpa BOIR K3 Mojalcmefl THEHH NOJHEE HATKOPH duiny OAWEAKOBR Y
pcex abonenToR, NPH BOAOPA300pE TOIHKO U3 MORAI0WeH JHHAW COXPAHUTCA Npo-
HOPHHOHAIBHAS PA3PCIyIUPOBKA BIOTL CeTH (Upw OJHHAKODLIX JHAUEHHAX O1-
HOCHTEBHLIX PACXOAOB HA ropwuee BOAOCHAGKEIHe A) ¥ Beex aDOHCHTOB,

[10CKOABKY, KaK caeyer i3 (3.24), anadenye S He BaBHer #2 OTHOCHTEE-
HBIF Pacx0A BOAL 1@ OTOIJEHHE, STOT PACXOA Npu Bojopasbope u3 O AR
AHEAH OYZeT TAKHM e, KAK B CCTH, H3o0pakeHHoB na puc. 6.1 npup — l,T.e.
O CHM3HTCA Y Beex abomenTos or 316 w/u npu V, —'0 ao 230 w>/v npn V. =
= 190 m*/u (ip = 0,73 mpu n -- 0,6). B

[Ipn Bomopad6ope W3 06PATHOM AlHEM, KAK caeayer u3 (3.25), 2Hauenue B’
He BAHMSET 4 OTHOCHTENhHBIC PACXOAL BOAM Ha oromaerue. Iostomy mocnelHne
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npH eoaopastope n3 o6patHol HEUH OYAYT TAKHMH Ke, KaK B CeTH, H300paXkeH-
oft Ha puc. 6.2 npu p = 0, T. e, oHu Bo3pactyT or 316 10 324 m¥/u (p - 1,02)
y nepsoro atorenta # 10 392 M*/u (¢ = 1,24) y nocaenuero aborenra. Ecin Gbl
NPOU3BOAHIOCH APOCCENHPOBAHKE B OOPATHHIX JIMHHAX, TO Y BeeX aGOHEHTOB
npu P = 0 pacxoaw Gbin Obl paBHB 375 M*/u (¢ = 1,18), Kak B ceru, HaolGpa-
wenuoii Ha puc. 6.1 npu [ = 0. [TocKoabKY yBe/HYEHHE PACX0/la BOAbLI HA CHCTe-
MY OTOMJI€HHsi MPHBOJIHT K 3HAUMTENBHO MEHbILIEMY H3MeHEHHIO PACXOAA TeTI0ThH,
yeM IIPH YMeNbIIEHHH pacXoia Bojst (551, npupeaenusbiit ¢cnocof pery/IMpoBKH Ter-
JIOBBIX TTYHKTOB []pe,rLCTaBJIHETCH NPpHEMJIEMBIM .

Paspery HpoBka BIOJB CETH NPH BOAOpasGope H3 OOpATHOM JIHHHH MOMKET
GbiTh YMEHbLIEHA, eCJH OCYUECTBHTh YacTHYHOe APOCCe/HpPOBaHKe Ha 0GpaTHOH
JHIHI aBOHEHTOB, pacnoJoXKeHHbIX B Hauaje cetd. [Ipu 0 << B <C | y aGouen-
ToB 6yAyT HAOMONATHLCS PACXOJABI BOJLI B YKA3aHHBIX Bbllle Mpejeiax.

6.1.2. ABOHEHTCKHE YCTAHOBKH C PETYJISTOPAMH HABJIEHHA <10 CEBA»

Kak Buano u3 puc. 6.1-—-6.3, npu MakcuMa/JbHBIX 3HaUeHHsX Bojiopasfopa
HATMIOPB! B OOGPATHOH JMHHK 3HAUMTENLHO CHHXKAIOTCA, 4TO MOXKET BbI3BATH OMO-
POXKHEHHE OTOMUTEILHBIX cHeTeM. I npeaoTBpanienus 3Toro Ha obpaThoi Jan-
HHH yCTAHABJIMBAXOTCH PErYJIATOPLI JIaBieHHs «10 cels» (peryiaTopsi Noanopa).
PacemaTpuBaeMasi ceTh Obl1a paccyHTaHa TAKKe IIPH YCTAHOBKe y Bcex aboueH-
TOB DETYJIATOPOB NOANCPE, NOLAEPKUBAIOLIHX B OTOMMTE/bHBIX CHCTEMAX IO-
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Puc. 6.5. THApaBaHYECKHH DeXHM CeTH C HENOCpeICTBEHHbIM BOLOPa3fOPOM NPH HAJIRYHH
b afOHeHTOB perviasTopos noanopa:

pasperyJHpoBRa OTORHTCALHBIX CHCTEM BAOAL CCTA VENPOUOPIHOHAILHA W, nodrble HaNoOpe B TOYKAaX

oThOPE BOALL Hi NOLA0MENd JHHHHE DaBub DOJSHLM Hanopem B cetH (g, §); OGOHHAMCHMA Te XKe. YTO
H Ha puc, 6§
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CTOSHHBIA Hanop, papiuit 55 M. [Ipu 5T0M Takxke paccMaTpHRAIHCH IBA BapHaH-
T4 PeryJIHPOBKH a0OHEHTOR OjMH — € OJIMHAKOBBIMH PACTOJaraeMeiMu Hanopa-
MH v aC0IEHTOD, YCTAHABAMBAGMEIMK C NOMOILbKY APOCCENhHRIX aid Ha nojaio-
KX JHHHHX, ,:l[_!yl‘nﬁ — € pasJavMHLIMH pacnojaraeMbiMH HalNOpPaMmi y 4foHeH-
ToB (0€3 HCKYCCTBEHHOTO APOCCEINPUBAHKY HA TIOAAIOWECH JHHHH). PesynbTaTh
PACYETOE, NPELCTARIEHRBIC Ha pUc, 6.4 H 6.0, aHANOTHYHEL PE3Y.1bTATAM PACUEra
ceTH 6e3 peryasTopoe nognopa (pue. 6.1 w 6.2).

B pexume, mpeCTaBIACHHOM lla PuC, 6.4, HMEeT MeCTu npoNnoprHoHaILhHAS
pasperyauposKa, OARAKO 3HAUEGHHH (' NpH BOAOpasbope W3 NONAoLLeH .THHHH
MEHbIIIE, YCM TIPH OTCYTCTBHE PEry.JsATOpOB MoAnopa (puc. 6.1), B pcayaprare
CTAOUMH3ALMN JNABACHUX B OGPATHON JHHMK OTOMMTEIbNEIX cucTeM (¢ — 0,59
BMecTo ¢ = (0,73 NpH OTCYTCTBHH PEryaATOPOE HOLLOPA).

Ilpy "Haanuuu peryasropa noanopa HMEeT MeCTO JUAUHTENBHO Boviblias He-
PaBUOMCPIIOCTE H3MSHEHHA PACXOACE BONW Yy Al0HEHTOB. lax, NPH OTCYTCTBHH
peryastops noanopa  (puc. 6.2) pacxoaul BOALl HA OTOMVIEHHE Y NEPROTO K NO-
cnenuero abouedToR pasauuaiorces B 1,5 pasza, a npH HATHYHH Pery.asitopa 1uoi-
nopa, KAK BAJIHO U3 puc, 6.0, — B 2 pasa. JT0 ONPENLIHETCS Tem, 910 TPH OTCYT-
CTBHH PETYATOPA [OANOPA HANOPK R OTOMHTCALHLIX CHCTEMAX CHHMKAIOTCH H TeM
CAMKIM HCCKOJTLKG YBeJHYUBAIOTCST PACTONATrdeMble Halopb.

6.2. CETb C MBYMA UCTOUHHKAMH NHTAHHUSA, KOJLUEBAA CETb

a5 nosvyenns HeKOTOPEIX OGIHX NPEACTaBIeHHi 0 pacXolax BCAsl K 1aB-
JCHMAX B CeTH G ARYMST HCTOYHHKAMU THTAUHA ObLIC [PON3BELEHO HCCIeI0Ba-
HWe TpocTeiliell OTKDBITOR CeTH ¢ PARHOMEPHO PaclpCleNeINIoi narpyskol
OTOILTEN S 1 TopAYero pofociatikelusl, MUTaeMoN OT JIBYX CTAHILHA.

CXeMa CeTH ¥ PACHETHbIA 1Ihe30METPHYCCKHA TPagHuK (DPH OTCYTCTBHH BOAO-

pazbopa) npeacTannens na puc. 6.6.
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Puc. 6.6, Cxema w pacucTurii NeCIOMETPUUCCKHE TPAPHK CETH C ABYMH CTANUMIMAH: -

pacTeTHBIR pgcxon HOAW Y Ramaoro afonenta 200 MYy na yMLCTEAX  CeTH M Y CANNHCHTOR  YHa3aaHb!
COMPOTHRACHEA, M » 34M®
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Pue. 6.7. Cosmectnan paGota ARYX CTAHUKA NMPH HCNOCPEICTBERHOM ROA0pasbope (n:=0,5):

HANGPLL Ha CTEHUHAX DPasAHYALI; NOANKTKA Ha O0EHX CTAaHUHAX ONHHAKOBA; CHJOWHBIE JAHHNH- - BOLO-
PAIOOD W3 nogawulell Auuue (B~1), WTPHAOBLE JHHHH — 3oaopasbop Wy obpatoll auuur (=0}

Kak 0b110 nokasaHo paHee, IpH COBMECTHOH pafoTe CTAHUHH B YC/IOBHAX 3a-
KPBITOH CHCTEMbI TOYKH BOjOpasjesa B IPAMOH H 0OPATHOH JHMHHAX, KAK [1paBH-
Jo, coBitaaawT. Vickmoyenue uMmeer MecTo JMlb B KOJABLEBOH CETH, T1e Npy pas-
JIHYHBIX COMNPOTHRJIEHHAX NPAMON W OOpaTHOH JHHHH, WJIH [IPH YCTaHOBKe MOJ-
Ka4yuBaloUlero Hacoca Ha OAHOW M3 JIMHHMHA, TOYKH BOAOpasjen]a B nNpaMod H 06-
PAaTHOHM JIMHUAX HE COBNAaKT (HE3aBHCHMO OT YHC/A CTAHIKK, MHTAIOUHX 3ITO
KOJBLIIO)

[1pu coBmecTHON paboTe CTAHIMI B YCAOBUSX HEMOCPEICTBEHHOI0 BOAopa3bo-
pa NoIOYKeHHe CYIHIECTBEHHO H3MEHseTc. 34ech HecoBNaJeHHe ToueK BOAOpas-
Je/12 B NOAANOLLEH W OOPATHOH NHHUAX HMEET MECTO TaKKe H B PAIHANbHBIX CETAX.

Jlns CHMMETPHYHOUW CETH, MUTAEMON OT ABYX ctaHuu# (puc. 6.6), npu oannako-
BbIX HAMOPAaX HACOCOB HA 00U X CTAHUHAX U ORAMHAKOBBLIX PACX0AaX MOAMNHTOYHOM
BOZbI Kax/las CTaHUHA, OYEBUAHO, MHTAET JHIIb CBOH PAHOH H ABHKEHHE BOIbI 110
COGJIMHATENIbHOM nepeMblyKe OTCYTCTBYET.

PaccMOTpHM cayyai, KOrja Hanopbl HacocoB Ha OOeHX CTaHUHAX 6yny'r CHJIb-
HO pasjHuaThCfl; HANpHMep, Ha craHuuu A Hanop Boapacraer xo 150 M, a Ha
ctaruun b on cHusnTes 40 27 M. T1pH 0IMHAKOBBLIX pacXoaax nonnmoqnoﬁ BOJbl
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Puc, (.8, CopmeeTuan paboTa JADYX CTANLKE IPH HenocpeictisennoM poaopasziope (n=0.5).

PACXOMN NEANMYOHHOE dodm #a ofEnX CTalUNAX ONMHAKUBL, CRJADWHLT JIMEW -~ BoJopaslop H3 no-
amouieit aprpn (f=1), UITpUXoRLI: THEEH — BogopaibGop Hs ofpartroll ammou ([P0}

NeNOCPRNCTBLINLIH B0O10pa3Cop KaK U2 NOJAKILRI, TaR H U2 ODPATHOM JIHHHN
HDMBEET K TOMY, Ur0 TOUKN ROJOPAINETA B I0Aa0el H obpatsof anauax Oyayr
paz nubpMi (pue. 8.7). Pacnonaratecs OHH OVIYT B 30He NefCTRHA CTAHIUH €
MCHBIIHM RHATIODOM, _Ta;-;m‘, AHe BAHAHRAC OKa3bLIRACT H Ocpepaciipeaclestie 7o
OHTKH MEXAY CTAHUHAMH. [Ha pHC. 6.8 NOKA33H PEXEM € O[HBAKORBIVMA PACX)|A -
MH NOAITHTOYNON BOAL. ¥ DEJHYSIHE PACXoda NOANUTOUION BOABI HA CTAHUHH A
A0 7TH v H0% CYMMADHOPG PACXO/A H COOTRETCTRYKIIEE CHAMKEHME TTOAMUTKH Ha
cramiy 6 a0 25% H 10 Hyan (puc. 6.93 npHBOAAT K 3HAYMTEIbHOMY YBeIu'e-
HHUIO PA3ROCTH HANOPOB B OOPATHRIX KOLICKTOpPAx CTaHUuWi /1 u [, a TaKXKe K H3-
MEHEHHIO MECTONOJNKEHHA TOURK BOA0PA31ea: B NOAAIOMEH JHHHH TOMKA RO,0-
pasienqa yaaafeTes OT CTaHiHKu ¢ YBCIHYCHHOM pacxoja HOEJ_[IHTOLIHOﬁ peaid, a p
06paTHON JHHHE NpHOIHMAETCS K Hel.

6.4, FTHOAPABJIHYECKHE PEXUMB CETH 11PH PA3JIMYHBIX CXEMAX
NPACOCAHHERUA NCTPEGHTENER

6.5.0. CXEMIM IPHCOCAHHLEUH BOIPLGHTLIEA

B 1ensosm X cersx ¢ HenoepeacTBERNAIY BGI0pasbopoM B HACTOALLCE BpeMs
IPUMEHSIOTCS, KAK MIPABH.IO, TemnoBeie noacTauiun MTII ¢ s3aBrcuMoi exemoi
APHCOBAHHCHHAA CHCTCM OTOILICHHA 4Cpes B':}ILOCij,JﬁiiMG EBATOPLI. Ita cXxema
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[ npHCOeAHHEHNsi a00OHEHTOB siBJsieTCA Haubo/ee JACIeBOH, NMOCKOIbKY B Helt OT-

" cyrterByioT nogorpeeatesn H Best cetb a0 MTII asasierca pasyXTpy6Hoii. Bmecre
C TEM 3Ta CXeMa UMEeT PAJA SKCMAYaTalHOHHBIX HEJOCTATKUB, KOTOPbIE OCOOEHHO
CYL1eCTBREHHDI] B CHCTEMAX TEI'IJ]OCH&G?KEHHH KPYOHBIX TOPOJOR. '

[Ipu pa3BHTOMN HATPY3Ke ropavero BOAOCHAOXKEHHS, KAK NMOKa3aHO B TIPebl-
ayuieM naparpade, UMEIoT MecTo 3HauYHTedbHble KosieGatHs HanopoB B oGpaTHOl
JUHHMY CETH, a COOTBETCTBEHHO H B OTOIHTENBLHEIX CHCTeMaX 3ZaHuit. 2to Tpedy-
€T YCTAHOBKH BO MHOTHX 3Jd4HHAX, OCODEHHO MOBBILIEHHOH TaXIHOCTH, Peryis-
TOPOB MOANOpa JAJsi NPefOTBpAlielHsi OO/ IeHHsT CHCTEM OTOMNJEHHA NPH MaKCH-
MaJdbHBIX HATPY3KAX ropAYero BOZOCHAOKEHHS .

HMeoT MecTo 3HadyHTe bHBIe CYTOYHBIE KoJebaHHsi pacno/garaeMbelX Harnopos
H, CTE10BATEIbHO, PACXOJOB BOAbt Ha otongenue. [Ipu 3TOM TPYAHO OGECNEUHTD
NPONOPIHOHAILHOE H3MEHEHHEe PACX0A0B BObl Y BCeX a0OHEHTOB, OCOOEHHO Npu
HaJHUHH B CETH HACOCHBIX MOJCTAHIMI H PEryJsiTOpoB NoANopa y yacrH aGoHeH-
TOB. '

HenocpencTBeHHAasi CBSI3b CHCTEMbBI TOpAYEro BOAOCHAOKEHH: C pajHaTopa-
MH OTOTLIEHMS] BbI3bIBA€T yXYAIUEHHe KAa4yeCTBa BOALI B CHCTEME ropsyero BOAO-
cHabXKeHHs1, OCOOEHHO 3aMeTHOe B NePHObl PE3KHX H3MEHEeHHH pacxoia BOjbl Ha
ropsiuee BojocHabxKeHHe, NPH BKIAYEHHH OTONHTEbHBIX CHCTeM M T. 0., TPy
HOCTb YNPABJEHHS MHAPABJIHYECKHMH H TEIOBbIMH PEXKHMAMH KPYNHBIX CHCTEM
TeNJIOCHAGKEHHs] B YCJOBHAX NOJHOH NEUEHTPAJH3alHH; HEBO3MOKHOCTD, B Ya-
CTHOCTH, BBICTPOrO OTKJIOYEHHS CHCTEM TOPAYEro BOAOCHAGMKEHHS B aBADUIIHLIX

120 F 120
R
0o - 100
Al s
g0 : ; N e il
I T e g
= PLblb ]I | =T
ST U1 RS Z=T 0 T 1 &0
3 X | | ! | |
x | |
40 ! ___.!;7 ?—-“—Io——-%— x 14 | 4 40
X~ = —P =L | ¢ x -
] | IR AT RN
20 i a I~ QI ol X 20'
| Bk S | K::,_ [)lc ?
[T
Ji ] | ﬁ?ﬁ\ 9

113z g 630 575 g0 102 oo =137 3668 630 660 1140 |

25 260 260| 259 224 257\ 255) 255 5| 255
™ 100 _[™ 7100 _[* 100 >100 > /00 (g0 [P 100 > 100 _|>100_ > 100

3
2, &R, B2, Bd, B0, B3, 4, Ea, B, B, (AF
150

A
135 155 155 > i 2 11447
55 57> (52 124 - (57 157 570 157
FE0 | 430 2840 125 25 280 435 | 588 746 880

A
:rsa@ @ 250
{230 1000 764 530 Jog a5 —- - 140 340 590 20 1050

237 237] z23%| 230 214 z24| z37| z¢2| 290|237
2 a g pPg =0 =0 a 0 p=g a b (] 5
2271 10g w02 g [Z: 2299 (212 192 225) 190 230190 (847195 249 190 b/} p
137 134 (o 712 >~ 140 137 750
@r
243

5% Jé/ 247 |12 - |- 175 135 262 407 J43 | 682 §12

O] . 9

111



150 \ B
1483 :\\ o A .
I e
| IR
L L
& ! | N ;
S A TS
190 ' N 190
—’FJ la N
' 5
< =
: sl
|
: T
A I
> a1 — 44
4
o 2 X ?T X
20 : B B R 20
[ "‘h_‘_l
o : g
!375 130 805 628 400 224 2% mgaeldl 9T 755 1010
250 zz0| zsz| 177 2021 262 <280 Zso| 2iz
e 1ijtf (o100 i 100 =g T g =100 100 ;oa -0 L £
520 =2, Eas Fn, B2, GA, &3, &3, ED, ED, 00
5 ] T T 7 = v m e el (o e ek i el
F95 2up |9z, e 515 (87 ZE2 Jg! 515 Ers 1831 §73

A
@-’0{}0 @t’?
*300 1075 8% 613 409 225 35 wwwZ2 451 700 346 =

.?34 22 Zra| 175 so]  2a| 240 zqa 237
a j=0- Ljy—pa - (] g p=n -
‘w . E.—ng 2 10 E-E_raa m 107 73, 100 il ypp 22€] 4pp
177 P 134 e 77 e 114 38 138 [ 40 % 138 947
gty | w3 %5 | 249 zv? 365 | 586 | &S 792 o0 a

M‘UU

Pue. 6.9, Cosmecrnan pufiora AByX CTUHUHA UPH HENOCPLEICTREHHOM Boaopasfope (n=0,5)

R TICPEPECHPEACACIINE  PECXOAa DOAMITOUAUH BOABL Vioogn MEALY CTAHLHAMH.

G- V ;:‘Unnﬁ)'irﬁ?; V?ID;[II_‘I‘%; 7 Vﬁm,,!lunfﬁ,; VE-:);{!'! =0, conomnr HEEW - BERppaaie e
nagaed aHHEH (=1, mrpuxopue NHRY ~ 20R0Ra360D N3 ofpaTHON Juuiy (F=0)

VCROBHAX, HaNpUMeD ADH NHapVILIeNtHH HOPMAaabloro ciabmkerns TeNAOHCTOYEHU-
Ka HOJOUDOBOJHOR BON0H.

B riocieniree spemMst B CBSI3H € TIPEHMYLIECTEEHHBIM CTPOHTEILCTBOM 31aHHH
NORBIUEHHONA HTAXKHOCTH PACHUIPNETCT TPHMEHEHHE HE3ARHCHMREIX CXCM MPHCO-
ELMHeIST OTOMHTEILILIX YCTAlNORCK K TeNMIOBHIM CeTSIM 4epe3 BORO-BOISHLIE
nojioYieBaredn, Koropae yeranarannatorest & [TEH, ofcayxnsaommx rpynny
3AAEHH, BIH D TEK Na3uiBaeMbiX ¢BhIHOCHRIX? HACOCHBIX, OOCAYKHBAIOWHX OIHO
IAAHME. '

[Ipn pa3paborke OTKPLITLIX CHCTEM TEMIOCHAMKERHS KPYMHBIX TOPOJOR
BOAHHKAET BONROC O HANPARIEANAX JAJLHCHUICTO pasBUTHA abOHEHTCKHX yeTa-
HOBOK B CXeMaX HX NPHCOSAMHEHI K TeNA0RLM ceTam. JeTanbHuifi aHAH3 BO3-
MOXKHBIX DeleEHi Obtt BhUIOJNHEH Ha NPHMCPC KBapTaJa B paioHe IOBCH HHI0H
ACTPONKH € JKUABIMH AOMaMll BBICOTOR 15—-9 3Taxell 1 OGHIBCTREHHMMH 514+
neaMu (271, Pacuetnas Aarpyaka OTONJENHA H BENTHAsHMH Qo — 29,3 MDBT

(25,3 I'kaa1/u); cpepnsin Harpyaka ropsuero sogocnaGienus Qf° — 6.55 MBt
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TG, pep = QP/Q5 = 0,223; puaxe = 2Wep- a5 yKa3aHHOTO KBap-
BACCMOTPEHbI CT@1YIOULHE CXEeMbl IPHCOAHHEHHA noTpeduTeedt (pHc. 6.10).
Cxema 1 (puc. 6.10, @) — He3aBHCHMOE MpPUCOEIHHEHHE OTONHTEJbHBIX yCTa-
HOBOK, BOIO-BONHBbIE MOJOTpeBaTe&TH Ha HATPY3KY OTONJIEHHA W BEHTHJIAUHH
Bcero kmaprtana yctanasaupaiores B I'TI1. Ksapraabras cerhb qeTbipexTpyo-
Ha#d. :

Cxemva 2 (puc. 6.10, 6) — He3aBHCHMOE NPHCOEAHHEHHE OTOMJIEHHSA, MOAOTpE-
paTeslH OTOMJIEHHS yCTaHAaBJIMBAIOTCH B KamaoMm 3nannu B MTIL Ha BBoje B
keapTaa coopyxaercs [T, B koTopoii Ha MOAAIOWEH THHHH YCTAHAB.ITHBAIOTCH
Hacoc M peryastop napienns «nocae ce6a» (PAIC), a wa oGpatHOi JTHHHA—
peryastop aapienmns” «1o cebs» (PJUIIC). B pesyabTate yCTAHOBKH B I'TIT
storo obopyiaoBanusi B MTIT ycTaHaBaMBalOTCH MaaOUIyMHbIE HACOChl B MECT-
HOM CeTH OTOMVICHHS! H He YCTAHABIMBAIOTCR Ha JHHUH FOPAYEro BOAOCHAOKEHHH .
B ['TIT takxe ycTanaB1iBaeTcs Hacoc evemenus. Kpapraibuas ceth ABYyXTpYO-
HaA. :

Cxema 3 (puc. 6.10, 6) — KBApTAJIbHAR CEThb OTAEIEHA OT BHEUIHEH TEI/10BOH
CeTH MOJOrpeBaTe’eM Ha BCH HarpysKy-kBapTaJda. KeapraibHas ceTh ABYXTPYO-
‘Has. TlpucoennneHHe OTOMHTEILHLIX noTpeGuTenedi K KBApTa.1hHOW CETH 3aBH-
CHMO®.

[MonnuTKa KBapTaabHOH CeTH — M3 OOpPATHOM JIMHMH BHELIHEH CETH.

Cxema 4 (puc. 6.10, 2) — 3aBHCHMOE TIPHCOEIHHCHHE OTONJIeHHS ¢ 1BYXTpYO-
HOl KBapTaibHOM ceThio. Ha BBOAE B KBapTan coopyxaerca I'TII B KOTOPOH
YCTaHABJAHBAIOTCA Ha MMOJAKOULEH JHHHH HAcoc n Ha o6patnoi sannun PIIC:

Cxema 5 (puc. 6.10, ) — cMelllaHHas, OTONHTE/bHbIE YCTAHOBKHY 3AaHKI No-
RLIIEHHOMN 3TAKHOCTH MOJKAIOYAIOTCA N0 HE3aBHCHMOMH CXeMe (4HAJNOTHYHO CXe-
me 1); OTOMHTEibHbIE YCTAHOBKH OCTAMbHBIX 3/IaHHHA NOAKIOUAIOTCH 110 3aBHCHMOH
cXeMe K CaMOCTOATEdbLHON IBVXTPYOHOH KBapTAIbHONH CeTH (aHANOTHYHO CXe-

me 4).
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Puc. 6.10. Cxembl npHcociHHeHHsT NOTPeOHTEACH K TeNIOBBIM - COTAM ¢ HEMOCPEICTREHHLIM
nogopasfopom: '
I — BONO-30ASHOR 1Tol0rpeBaTedb; 2 - UHPKYAAUHOunbill wagoe; J -~ HOAKAMHBAIOWMIL HACOC HA NOAAK-
uefi JHHHH HAW HA3 JHHRH POpRYero poJocHaGkendd; Ja - NoJKaUWBAOULKA HACOT Ha OOpaTHOR JIHHEH,
{ — perysfiTOp TeMNEepaTypLl Boadkl 3 CHCTeEME TOpAYero popocHabKeHHAL PEeryJaaTop  NaBNCHHA
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SLitd PACCMOTPEHHBIX CXeM MPOBeNLH AeTalIbilbili aHAAHA HA . o HCTR 1 118
AOCTATKOB, IKCMTYATAUHOHHKIX DEXKMOB. BKIKOUAS PACYET Mbe3OMEr. onpyix
I'PAJMKOR KBAPTATBHON 1 BHEUIHEH ceTefi W TeMnepaTypPHLIX FPahUKOR NOUwen.
el v obpatHoit Junki. ' =

CxeMa 4 ¢ 3aBHCHMbIM MPHCOCIHEEHUCM CHCTCM OTOMJEHHH OTAHIASTCS oT
CyecTBYIONINX naggunen T ¢ nogxauuBaOmMMMy 11aCOCaMH H PCry.TATOPAMH
AABJIEHHA. KOTOpLIe CTAOWJIH3HPYIOT HANOPBl B KBaptaandol cetH. B uel ne
YYHTBIBACTCH HENDXOIUMOUTh NOAKTOUEHEA 30aHHH NOBLILENION STAXHOCTH 10
HEZABHCHMOH CXeme no yCaopHAM ctaTHkH. [lostomy mwecto cxembt 4 MO0
paccMaTpuBaTh KoMOuHuPOBaHHYID ¢xeMy B. Tlpu 3TOA cxeme na OTACALHLIA
YYACTKAX COBMANAIOT TPaceh! ABYXTPVOLOH H YCTHIPEXTPYOHOK NPOKAAA0K W
NPHXCANTCA NPOKIaAbiBaTh MectuTpyayi ceTo. Cxema. HMeeT BCe OTMEYEeHHbIe
HbIllE HELOCTATKH 2aBHCHMOrO npucoeiunenun ¢ MTIL nonumeruoe kauecTeo
ropsiuero pollocialKenHa, HH3KYIO MAHEBPEHHOCTE M YIpaBIgemMocTe. TpviaHO
OGCCTIEYHTh IERTPAABHOR PErYAHPOBANKE OTIYCKA TeNJIOTLI Ha cTomicHue. [lpy-
MEHEHHE CXeMBI 110 3THM TNPHYHHAM MeHee NeaecoobpasHo, eM CXeMmnl |.

[Ipr ana’ H3e rHIPABJHYECKHX PEXHMOB CCTH TNPK PACCMATPHBAEMBIX CXe-
Max ATHNA CCTH OT HCTOUHHKE 0 KBAPTA/NA IPHHHMARACH PABHOH & KM; OT BXC/A
B KBApTaa A0 HanGoJee yiadeHnore sganua — | k. Peabed MeCTHOCTH TPHHAT
pobuLM. [ipy saBHCKHMON cxeme W pacyeTHOM nepenafe Temneparyp 150—70 °C
YAEJNLHLIH PacXoX BOABI MpH pacyeTioMm (IIoYHOM) pexume cocrasana 3 M3/ T [k
(12,5 »*/T'ka.1). iipw sTom pacxone yjensEbie NOTEPH HANOPA B COTH NMPHHHMA-
Auch 5 mM/M. PacnonaraeMelil Hanop B nHKOBO# koteasHofl 105 m, Ha Bxoze B
kpaprasg 25 M, B Kowue kBaptana 16 m. Ipu vesaBacuMof cxeMe pacqeTHas reM-
nepatypsa oOpaTHON ceTeBolt BOAbI cocTamiseT 75 “C, yACALHHIT PacXoy BB
3,16 o/T Ik (13,3 7/I'kad). [1py HCH3MEHHOM JHaMeTpe FOPOICKON CeTH 9TO NpPR-
BCLET K CHWIK@HHIO PACIOJ4TaeMOro Hanopa Ha pxome b Kpaprtast ¢ 25 1o 15 wm,
a B KOHLIe KBapTasa ([IpH YCTAHOBKC OTONHTEALHMX liogorpeBaTeneft B MTIT)
npEMepHO A0 5 M. [Mhesomerpuvecknfi rpadHK BHEINEA CETH NMPU 3aBHCHMGM
- HPHCOEAUHEHHH aCOHeNTOB COOTBETCTBYCT H3ol(pamewuomy Ha puHc. 6.1

6.3.2. HESAGHCHMUDIL CXCMbl APHCOEAHHEHHSA

Hesasucumpie cxemel mpucoeinnenns unaobpaxcens Ea pac. 6.10, 4.

Cxema 1 ¢ mogorpeparenem B I'TIT u ueTnipexTpy6ROH KBapTaNbHOH ceTbio
(puc. 6.10, @). Ha puc. 6.11 npeacrasaeHs nhe3omeTpHYeckue rpadky ropois
CKOH B KBApTafbHOH CETEH. a TAKIKC I'PAMKK PACXOAOB NPH OTCYTCTBHH BOIO-
pastopa W NpH MAKCHMAIbHOM BO0pa3bope u3 nonaomei it odpatHoi indni. Bo-
AOPa36Op He BAMSIET Ha THAPABIHYECKHH DCKHM KRAPTAIBHOH OTONHTEILHOI
CeTH. PAacXol BOJIbI B KOTOPOH COXPAHACTCA HEH3IMEHHBIM B TEYEHIHE OTONHTCIbh-
. HOro cesoHa R papen |25 pacueTiioro pacxola BO HEEINHENR CeTi,

Mposesenanii araana [27] nokasaa, 4To 37a cxeMa SRATETCH NPELNOUTHTEN b
HOH 1171 TPHCOCIHHCHHA 200HCHTOR B KPYIHBX TOPOAAX ¢ OTKPRITOH CHCTEMOT
TCIIOCHAMKeHHA. DTa cxeMd B HAHOOIbINEH CTENEHH OTRCYAET COBPEMEHHBIM H
MEPCNEeKTHBHLIM YCAOBHAM KPYMHAX TendocHalkawowux cucrem. Cxema ofecne-
MHBAET OT/EJEHHE CHCTEM TOPSAYEro BOAOCHAGKEHHA OT CHCTEM OTONJIEHMN; He-
3ABHCHMOCTL FHAPAB.THUCCKONO PCRHMA KBAPTAAbHON CeTH OT BHeuriell cetH 6e3
YCTAHOBKHW TOAKAYHBRAKIIHX HACOCOB # PEryaaTopon JAaRTCHHS, SOSMOMHUOCTb
PH HEOOXONMMOCTH UCHTPAIH3OBAHHOIG OTKJOUMEHHS CHCTEM [OPSIYero Bozo-
CHAGHKCHHUS, BU3MOKHOCTL DE3EPBHPOBAHHSA OT COCETHMX MarucTpasen; abuaerue-
HHE ABTOMATHYCCKOrO PCryJHPOBAHHA OTHYCKE TenJorsl Ha oTtontenue. Cxema
e TpeOyeT yBEXHUCHHS IMAMETDOB TEMLIONPOBONOB HECMOTPA Ha HEKOTOpoe
YBEJAMUEHHE pacXodd CETEBOH BOMBI, [IOCKOIBKY OHa JIONYUKAET CHHMKEHRe pac-
notaraeMoro wanopa s T'TIT no cpasReRdio ¢ pacnosaraeMbiMH HanopaMmu Ha
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AOOHEHTCKHX BBOJAX C 3aBHCUMBIM MPHCOEAHHEHHEM OTOMNJIEHHA H 3JeBaTOPHBIM
cMetenteM. OnTHMaabpnas Tenaosas mowHocrs T TTT 30—50 MBT.

Cxema 2 c noporpesartensimu 8 UTIl w jaByxTpyOGHO# KBapTaJbHOH Ce€TbiO
(puc. 6.10, 6), Jlns peasu3aunMM 3TOH CX€Mbl B pacCMaTpHBAaeMOM KBapTtaJge
sMecTo oxHo#t I'TIT nosaxum 6biTh coopyxensl 28 MTIT B noxsanax 3nanunii. B
kauod MTTT romkHe! 6bITE YCTAHOB/AEHH GecluryMHbIe IIHPKYISILLHOHHbIE HACO-
Cbl VI CHCTEMbI OTOMJIEHHA H GecinyMHbIe MOAKAUYHBAIOILHE HACOCH 15 CHCTeMb
_ropsivero BojocHaOxeHns. MaccoBoe NMpHMEeHEHHe TaKHe HAacoChl B HalleH CTpa-
ne noka He noayuuan. B kaxznoin MTIT ycranasiauBaloTes TakxKe oaorpesarein
OTOMIEHHSI H ABTOPEryJISITOPHI.

luapaBau4YecKHe W TENJOBbI€ PEXKHMbI [IPH 3TOH CXEMe NPAKTHYECKH He OT-
JAHYAIOTCH OT PeXHMOB npeasiayuied cxemul (puc. 6.11). Otunyna 3akaioda-
I0TCS! B MEHbIUEM pacnoJjaraeMoM Hanope nepeji IOAOrpeBaTeNsIMH B 3JdHHAX
(5 M) no cpasuenno ¢ I'TIT (15 M), a TakKe B ApyroM TeMnepaTypHOM rpabHke
cerd otonuenus (105—70°C B MTI] Bmecto 130--70°C B I'TI).

Jlns Toro 4rofbl OTKA3aTbhCsl OT YCTAHOBKH B Kaxao# MTII GecluymMHbIX 1moj-
KaQUuBAOLIUX HACOCOB JJ1A CHCTEMBL rOpsiuero BOjocHabKeHua, HeOOXONUMEI 000-
pyaoBatie I'TIT u yeranoBka B HeM OOILEro Ha KBapTaa pery.asTopa AaBJeHHs
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Puc. 6.11. FuapasauyeckHe pexumsl cXeMmb puc. 6.10, a:
0 LedoMeTpHUCCcKEe rpadivky BHewefl W KBapTaabhHOR ceTell npu Harpyskax ropavero BoaocHabme-
MaK ¢ -
Hua Qr; Qr=0 jaa sHewdell coTH, Bce 3xabeRus (r — NAF KBAPTAJBHOW CeTH; — — -— - Qr:Qr
npu suaopasbope nz nonawiet wmuu (B=1); ——— -- 710 XKe npu mopopaalope u3 olpaTHOH JaWuuH
{(B=0}: 6 - OTHOUHTEABLNLIC PACXOALI WO BHeWHeli W KBapTaasHOA ceTsax; BHeumnsu ceth; V,, Vo, Voo o
packaan B onoAaell Mo o0paTnofl JIHHHAX, B IOAOTPEBATEAC  OTOIJGHHHA, - npe Qr=0y
—_——— — PN Qa----f’J?a'(c: KBapTASBHAR CeTh: Vo, — PAaCX0il i CHETEME  OTONJCHHAT X X - - IDH
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«10 ccOst» HA OOPATHON THHHH ¥ HOIKAYHBAIOULEr) HACOCA ¢ peryasaTopom aasJe-
HHS «nocie cefsa» Ha nojawue’; JHHHH.

OCHOBHBIMH HEIOCTATKAMHE 3TOH CXEMbI 0 CPaBHEHHIO C MPEALIYUIEN ¢XeMOli
¢ TTIT aBagiorca:

1:€00XONHMCCTh OPraHH3aLHH MacCoBOTOD BhIYCKd OeCUIYMIBIX TACOCOR KK
HYIKROHATOPHBIX /ST CHCTEM OTOIECHHA, TaK W BLICOKOHANOPHBIX A8 CHCTEM
FrOPAYEro BOAGCRAGKEHHS |

HEOGXOIHMOCTE OOOPYACBAHKY B KAMIOM 3AAIHH CHCHHAThAOID NOMEIULeH U]
aas MTIT;

YBEAHUEHHE UHCAA HEOOXOAMMKX  eAHHUIL 060pYIoDaHHs {(NOoIpesaTelel.
ABTOPEryTATOPOB, apMaTyphl, MPHOOPOB KOHTPO.IH H YueTa) B JECATKH pas;

SHAUKTENBHOE YBeJAHYCIIHE YHCICHHOUTH TTEPCOHANE, IE00X0AUMOre 118 3KC-
nayartauumu v pemonta jecstkoB MTI pMeero aguoro ITTI.

enewTpasusanis TenIionotpefason X YLTAHOBOK J€3eT CHCTEMY HEY 1A R-
JAHEMOH, TaX, B aBapuHHBIX CHTYANHAX NPAKTHYCCKH HEROIMOMHO OTETOTHTH
ropsiyee BOAOCHADMEHHE.

Mostomy B {27] caenat BEIBOJL O HELETECOOBPAIHOCTH MACCOBOLD HPHMEHEHH St
STOH CXEMDI.

Cxema 3 ¢ nogorpesatenem B FTI v ayxTpy6ROi KBAPTATLHOH ceThio. JTy
cxemy (em. puc. 6.10, 6) MUKHO HA3BATL HE3ABHCHMON JHILB YCIORHO: KBapTadL-

Hhu 'Qk_: T BHEWHAA CEMb T ~KGapmarna
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Puc. 6.12, T'rapasiuycekne pexnvnt cxess puc. 610, &
G — MLOSUNEl PAYOCKHC TPAhHKH Ruamtmel o KOADTATLEON CeTell NPH PASAHYREX HETPYUKAN TOPHILTO
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B HCAAKANER JTHEHM. 13 0ADITHON JHHER W B NOIOTPCBA4IRAt GTONICHHN, Vo, Yoy Fo- [4cy 0l B KBaf-
TAIBHOH CeTr, R unsauned JHHHE, B oB3patuol NHHHM. A CHCTEME OTOLCHRS
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Has CeTb OT/AENIeHa TellIOOOMEHHHKOM OT BHELUHEH CeTH, 'OAHAKO BHYTPH KBapTa-
Ja cxema fABJseTCA OObLIYHO 3aBHCHMOH.

Cxema 3 necMoTps Ha Haanuue B [ TT] ﬂD)ZIOl"pEBaTef]EH HE penraeT oCHOBHOrO
BONPOCA — THAPABJIHYECKONH H30JMsILLHH CHCTEM TropAdYero BOLOCHaGKeHHs o1
cHeteM oronaenHsa. OHa He JonycKaeT UEHTPATH30BAHHOTO OTKJIIOYEHHA TOpsaYe-
ro BolocHaOkeHus. [lognutka KBapTaJbHOH C€TH, paBHas BOAOpa3boOpy, OCy-
WeCTBJAACTCHA, KaK BHAHO M3 puc. 6.10. 6, U3 oOpaTHOH IHHHH BHELIHEH CETH.
[TonnuTounas BOAA nmocse CMEUIEHHA NOBbIIAET TeMNepaTypy BOAbl B O6pAaTHOM
JAMHHH KBaApTaIbHOU ceTH. [TOBbILIEHHE TeMIepPaTyphl HArPEBAEMOi BOALI HA BXO-
1€ B TeMIOOOMEHHHK Tpebyer npH HEW3MEHHOM DPACXOoje rpellledl BOjAb COOT-
BETCTBYIOILErO MOBRILIEHHA ee TeMmnepatypsi. Kak nokasaan nposejennsie pac-
4eTbl, TEMNEPaTyPHbIA rpaguk Adst cXeMmbi 3 npesbiliaer TEMHEPE]T\'DHHH rpadmx
cxembt | Ha 5—12 "C. M3.nom temnepatypHoro rpaduka BHewWwHel ceTH NPH 3Toi
cxeme nosbiiaeres ¢ 60 10 70 °C. B pesy.brarte npu HCnoab30BaHHY cXeMbl 3 O
CpABHEHHIO €O CXeMOH | cHuxKaercss TenaOpHKALlHOHHAR BbIpadOTKA JEKTPO-
JHEPTUH. YTO BbI3biBaeT nepepacxol Tonawea Ha TILL.

Ha pwuc. 6.12 npeacraBaenbl [tbe30MeTpHYECKNE i PAacXoiHble rpaduku
BHEUHEH M KBapTAIbHOI ceTel. PexuiMbl paboThl BHEILHNEH CeTH XapaKTepH3YIOT-
cA BOOPA3bopoM TOILKO W3 ofpaTHO#W .TuHuK. Pewxum pabothl ABYXTPYOHON
KBapTaJlbHOH CeTH —OOLIUHLIA JJ51 CeTH C HENOCPEACTBEHHBLIM BOAOPa3btOpOM.
Pacnoaaraemblit Hanop Ha Beixojge W3 ['TI1, nojuepxuBaeMbiil yCTaHOBIEHHBIM
TaM Hacocom, paser 40 M. Ha aGoneHTcKOM BBOJ€ 3Ta BEJHYHHA COCTABINET OKO-
20 30 M. Taxkum ofpa3om. KBapTaJbHas ceTh 06.1a1aeT 00 bILOH YCTORYHBOCTBIO,
YTO Onpejensier H3MEeHENHs pacxoad BOJbl HA OTONIEHHE H3 KBAPTA.IbHOH CeTH
Bcero Ha +3 % Jaxe npu makchMma bHoM Bojopasbope. [ToCKOIbKY BO BHElIHEN
CEeTH BOAOPA3Bop OCYIECTBIAOTCH TOABKO H3 06paTHOI JMHHHHM, PACXO] BOAbI HA
TeNI000MEHHHK npu Bojopa3bope Bceraa yseanunBaercsi. llbesomerpuueckue
rpauKH BHEUIHEH CeTH 3aBUCAT TOJbKO OT BETHUHHBI BOAOPA3hOpa 1 He 3aBHCAT
0T TEeMIIeDATVPhl HAPVIKHOrNO BO3I1yXd4.

6.3.3. SABHCHMBIE CXEMBLI NPHCOEULHHEHHWH

Hanopbt B 06patiioil JHHUH KBAPTAJBHON CETH JIOJKHB O6eCneunTsL 3anon-
HEHHE OTOMMHTENbHBIX CHCTEM H ONpeAC/ICHHBII CBOBOJHbBIA HATIOP B CHCTEME rOps-
yero BopocHabxenus. [las 3Toro TpeGyloTcs PHMEPHO CAeyOLLHe HATOpbl
(cm. puc. 6.13):

Uucao sraxkeit snanuy g wE g g 9 12 14 15 16
Ianop Aad cHCTEMbl OTONREHKA H,.. - o6 . 26 33 40 43 46
Hanop jpas cHcTembl ropavero  BOAOCHAOKeHHS

H. w ; 2 : ; : ; i i .26 36 43 48 50 53

Bo Bcex cayuasx MakcuMaJibHbtid HANOP B OOPATHOH JMHWM OTONHTENLHOR CETH
H B NONAOLLEHA JHHHH CHCTEMBI FOPAYETO BOAOCHADKEHUA HE T0.KEH NPeBbilIaTh
60 M M0 yC108MSIM NPOUHOCTH YYTYHHBIX paauaTopos u BOLOPa30OPHOH apMaTyphi.
Taknm ofipazom, NOBBINEHHE 3TAXKHOCTH 3JAHWH PE3KO YMEHblLUAeT JHana3oH
AOMYCTHMBIX HANOPOB, KOTOPBIH JIOMIKEH NMONIEPKUBATHCH B IKCNAYATALHOHHBIX
ycaoBHAX. TTO3TOMY OOGbIYHO 3/laHHA € YHCIOM 3Tamed, 6oIbuM 12, npucoenu-
HAKTCA [10 HE3aBHCHMOH CXeMe.

Cxema 4 ¢ nsyxTpy6HO#i KBapTanbHoi cerbio (puc. 6.10, 2). Ha puc. 6.13
ﬂpE,IlCTaESJTEHb! TbE30MeTPHYECKHE rpaHKH TIpH TeMnepatypax Hapymﬁom BO3-
ayxa t, = +10°C (Bofopa3bop LEJHKOM H3 MNojawluei .uHun, p — 1) —
puc. 6.13, a v ¢, — —25°C (Bonopasbop wue/inKoM H3 obpaTHOH uuuM, B ==

0) - pHc 6.13, 6. Hys1eBOM H MaKcHMAJhbHOM 3HAYeHHAX Bonopasfiopa (n = 0
nono0,56).
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Pue, 6.13, Nuesomerpunieckne rpadukn CHCTEMES
¢ woRopeslop W3 NOLAWNED AHHAN 0 - HoJopa3Gop B3 DO HOA AKHEK CITOWHIE AHHILE - HOHS
HORL pescey fuoinpas0op OTCYTCTAYET), IETLY Kidihi JIHUHH — MOKCHWILIBHRITT  BoAGasSon.  mrpha-

NMYWKTHPHIEG AHEHN - TO e NEH yerasoese B TTL paaC

ClLIOWHOH AKKEWeR 10Ka3aHe! FPadHKH iPH OTCYTCTBHA BoA0pa3topa (110YHON
pesim), ITPHXOBLIMH —[PH MEKCHMATLHOM polopasGope W OTCYTCTBHH [HeCyad-
topa gangenus 1o cedss (PILUC) na ofpartioi THIHE ['TI1. Jro pexum OpH
puveHseMns B uacrosuee spemst MTIL Hrpuxnyukrupom H300paKeHn Tpa-
duxn npu Haauuuy PAUC, nogaepxuBaionlero Ac ceba HAaOp, papibi 53 M.

Ha puc. 6.14 mokasaHbl cOQIBETCTBYIOMHE OTHOCHTCIRILIE pAaCXhl BOAL
B nofarouelt V,, o6patiofi V., muiusaX CeTH it B CHCTEMAaX QTONNEHHS V, IpH MaK-
chMadLHON peandige Bojgopastopa. ([lpu oTeyrersrn BoAOpasbupa Vi Vs
=V, 1)

Kak caeayer na pyc. 6.13, npi MAKCHMAABHOM BOALPAZOPE HANOPBL B OOpAT-
HOW THIHKM abOHeHTOR CHinkatoTest 20 37,1 m (npy )nao30m (npu - G).
CONOETARISING 3THX DEJUUYHH ¢ 1IPHBCACNILIMY Bbltie, a TAKKE C NOKASARHLIMA
ma puc. 6.13 MHHHMAURHO AONYCTHMRIMK HanopaMH M 4AHHI  PasTH'IHOH
YTAMHOUTH NOKA3DIBAST, YTO A5 NIHTHITAXKHBIX ENELI): HOPMA/ThHOE renaocnad-
Aenne ofecreunpaeTcs Py BeeX penMax. Jlan LeBsTasTaXARX 3JAHHA CHeTe-
Mbl OTOILIEHPS 3a{10A8HEl NPH BCEX PEXHMAX, CHCTEMBL FOPAYErD Kogocuatke-
HHA TPEBYIOT YUTAHORKM PCryJATOPOB JABJCHHA «10 ceduy (PUJC). Han 12-
STAMHEIX 3AaldHi 405 CHCTEM OTONICHHA Tpebyerex P/AC, naa ropsaucro BoAC-
CHAGKEHHA — nokAsHBaounl Hacoc. Jlas 14 [6-9Tamubix 3aaHBd 1ipir ux
HE3ARHCHMOM NPHCOEIHHEHHH TPebyroTcs PIMC w moakauuBalwlui Hacoce i
CHCTEM OTOILIeHNY ¥ rOpauero sonocHafxenwus. B macroallee BPeM: TaKHC
JAAIHS TOAKTIONAKTCA 10 HEZABHCHMOH CXeMe,

Kak Bupno w3 puc. 6.14. B pesyantare ycrawoskw PIUIC pacxoisl BOL
B CHCTEMaX OTONJRHHS YMEHhITAoTCT. Tak, npH MaKCHMATBHOM BOL0PA30OPE M3
HOAAKANEN JTHHHK OTIOCUTENBHLIE pPacxol BOAbl HA OTOMARIIAE CHIKACTCA Lo
0,7 pacyersoro npu orcyTerBau PIUIC 1 a0 0,55 MpH yCTAHOKKE ITOMO PEryH -

v e —————— = [ I
——|. 7 Yy 3 1 =
42— - g f‘_f"--ll—
Spde _-*'—‘;4 I -
l—....,.i .
f i “ e
A Vo TP A Pre. 6.14. OTHOCHTCIBHRE PACKOAL  DOJH A48
18 ! _3'\/ szvzzvunpgpr-g PEKHMUE, (IPCACTARMCHHDBIX HA PHC. 6.1,
' .........i:{"‘. G v, V. Vo — OTHOCHTLARHLIY PACXOAL B nouomied |
"-._Z‘E_\,____L__-l-"" obpaTHO! NHAHAX H B CHETOME arenaedHA;  Claowirad
H,S P N & Snnds HoumoR nemoiw (moaopaabop  O1CY TCTRYLTY
o . E = WITDUXGHE JIHEHA ~ pewuMia Ges POAC: WTPEXIYHK-
= it THPHLIC AHENH - PERHHML PUUC

Mo & o -5 -1 15 20 ty
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Puc. 6.15. [lbesoveTpuucesite rpaHKH CHCTEMbBE ¢ NMDAKAYHBAIOUWIHM HACOCOM Ha nojalouled
JHHHH KBapTaJibHOM CETH:

o - wogopazfop ui nojaouefi awnun; O poaopaiafiop #3 o6GpaTHOl JAMHHH: CNAOWIHME JAHHHH — HOY
HoW pexuy npw yerasoske POIIC sz nodamoiled JAHHHH, WTPHXOBBIE JHHHM — MAaKCHMaJbHhii  BOAO-
pazbop npw ycranonke PATIC; wmiTpHXuIyHKTHpHBIC aAuHEli — To e Gea PITIC

topa. CHHKeHil€ pacXoAa BOALl HA OTOMJIEHHE NPHBOAHT K BEPTHKAJLHOH pas-
PErY.IHPOBKE OTOMNUTEILHBIX CHCTEM, a TakxKe TpefyeT NOBLILIeHHS TeMAepaTyphbl
BOZbI B moaatourell auHuu cetn. CHHXKeHue Hanopa nepej 3JeBaTopoM 10 4,5 v
TpefyeT VCTAHOBKH NOjJKAYHBAIOILETO Hacoca Ha nojawoiued audru B U'TTIL Tlpu
ycraHoske B ['TI1 noakauuBaiolero Hacoca Ha MoJaoULeH JIHHHH MOTYT pac-
CMaTDHBATLCH BAapHAHTEI C PETyJasTopoM /aBjieHus «nocne cebs» (PUAITC) u Ges
rakoro pery.asrtopa. P/ATINC crabuiusupyer faBaenue B NoAaoIeH JHHHH KBap-
TaJIbHOMN CETH NOC/e Hacoca NPH NepeMeHHOM AaBJIeHHH B ojaloulelt THHHY BHeIl-
et CETH Tepes HACoCOM, A COOTBETCTBEHHO M moce Hero. TakuM ofpasoM, npu
yeraHoske PJII1C na nopatowest n PJJJC na ob6paTHoOH JHHHAX KBapTa/bHOH
ceru rrmpa[;.rmqecmm pexumM B HEH He 3aBHCHT OT FHAPABJHYECKOrO pexxuMma
BHENIHEH ceTH, aonpejedaercia TOAbKO OTHOCHTEJbHBIM pacxongoM BOJbI Ha rops-
yee BOJOCHAGKEHUE H YCTOHUHBOCTBIO KBAPTAJILHON CeTH, T. €. OTHOILUEHHEM pac-
NOJIArAeMOr0 HAMOpd B 3J€BATOPHBIX y3J1aX 3laHHK MPH OTCYTCTBHH BOAOpas3s-
opa K pacnogaraemomy Hamopy B I'TIL

Ecan PATIC ne ycranaBausaercs, TO KosebaHHa Hanopa B NOAJIOULEH JH-
HHH BHEUTHe#l CeTH MPHBOAAT K COOTBETCTBYIOUHM KOJeOaHHSAM Halopa nocjie
MOAKZUHBAOILETO HACOCA M pAacloNaraeMoro Halopa B KBapTaJbHOH CETH, YTO
HEMOCDEICTBEHIIO Onperesier PacXOAbl BOAb HA OTOILIEHHE.

Ha puc. 6.15 saubl npesomerpuueckne rpapuku npu ycranoske B ['TTI
PJIC Ha oBpaTHO#N JHHUH H NOJAKaYMBAIOLIEr0 HACOCA, NMOBLILIAIOIIErO HANOp
B nojaioued aunuH xsapraibHof cern Ha 20 M. [lorepw Hanopa B KBap-
TaAbLIOK CETH NpPH OTOMHTEJBHOM pacxojle BoAbl coctaBasior seero 10 m. Ilpu
YCTAHOBKE mHacoca, roBblnaoulero Hanop Ha peixoge u3 ['TIT na 20 M, pacnosa-
raeMelit HANoOp B Hayage KBapTaJbHON ceTH COCTaBHT 45 M, a B KOHen—35 M.

[ITpEXOBEIMK JIHHHAMK [MOKA3aH BAPHAHT YCTAHOBKH IOCJ€ NOAKaYHBAtOle-
ro Hacoca PTIC, mrrpuxnynxTupHbiMH aunisamu — Bapuant 6es PAIIC. Hou-
HOI pEXHM (CHJIOUIHBIE JHHKH) NoKasaH aqas BapuanTta ¢ PATIC. 3navenus or-
HOCHTENBHBIX PAcXOiOB BOAb AJsI OOCHX BaPHAHTOB NPH MaKCHMaJbLHOM BOAO-
pasbope npuBexeHnl Ha puc. 6.16.

lIpn yeranoske PJIIC Bricokast ycToiunsocTs KBapTaabHoft cet (0,8) onpe-
1elsier ¢nabylo 3aBHCHMOCTb PacXofia BOJbl HA OTOMJIeHHE OT BEJHYHHBl BOLO-
pasfopa. ITO MPHBOIKT K 3HAYKTENbHOMY BO3DACTaHHIO pacxoja BOAH B [10Jai0-
e JuHHH, NPHOTHXKAIIWEMYCS K CyMMe PACYeTHOrO pacxofia BOJIbl Ha OTOMte-
HHEe M MaKCHMAJbHOrO Ha ropsiyee BojocHabxenne. Hanop B nojawoimen JTHHAY
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v Puc. 6.16, OTHoCHTeNBHLI® PACXOALl BOIH jLI%
= —_— PERMMOD, hpeactasaeniumx wa puc, G./3
"g 14 \\ — . INTPHXOBHE  SHHHK - pewumbt ¢ POTIC: wivpdx-
s ~ L!r rymerupiteie annuk o oawe fen PATIC oeraasmare
L OOO3NAYENNA TE KS, 4TO 4 Ha pHC. 615
Y R
Eai '&-“*-H"‘*—-_ _-J
[ f 0 ,.M“
s 1y ——— L - &
A7 e . nepea I'TTI, xax puano wu3 puc. 6.15,
'3 48 ~ Vo cHHmaeres 10 28—30 v, 1. e. koueba-
x :f \.\ J‘Fz ) HHsST HANOP& B Nojaclled JHHHUN B Teye
S 46 T % Hue cyTok Jocrucait 00 M. dast crabu-
S pul [ 4 1 TTTR S MOAMMH HANOPE B UOLAOWeR THHIH
s N5 0 =5 «17 15 20 t’ﬂ KBEPTHEII:HCI}."I CCTH TPH MEKCHMaJLHDLIX
= Temnepamypa HapymHoz0 PACXOAAX BOjIBI Ha ropshee BOJOCH#H-
epa. a Hor

) Bo30y%a, o0 JKCHHe 1_1e06xp;1_m11,1ﬁ. 1anop  IMOLKadH-

e BAHIILEI)Y HACOUA  JIOJHKHEH COCTAHAHTD

70 M. Boabwyw YacTL BpemenH. KOrlka

HArpV3IKa ropsyero BOJOCHAGKEHHS MeHhle MAKCHMAJIbHOMN. W30 TOUHNN Ha-
nop Hacoea Gyger apocccanposaruess PHAINC (cv. pue. 6.15).

YuenbileH e MAKCHMATBHOIO PACX0A4 BOJRI BO BHCIIHCH CCTH H COOTBCTCTBEI-
HO KONEGAHWH Hanopa BO3MOMKHO apyMs nyTavu: coxpanus PAIIC, cunauts
VCTORUHBOCT, KBAPTAJbHOH CeTH, NPUG/IHAHE ©C K VCTOMYHBOCTH BHCILIHCH CCTH
IYTCM YCTAHOBKH RPOCCELILIX Wand nepel KamIbiM 31atHev, WiH, COXPEHHR
BLICOKVI) YCTOMUMBOCTL KBAPTHABRON ceTu, oTkasaThes or PITIC nocae nacoca.
[ {lepBulil BApMANT 11€ HMEET CMLICAR, TAK KaK NPH 3TOM, KAK HUKABAMH PACHETH,
PACHOJAATAEMAIE HANOPH B 3fasnuX OyayT CHHXATLC NMPHMEPIHO A0 TAKOTC JKe
3UAYEITHST, YTO M TIPH OTCYTCTBHM NTOOKAUNBAKIILEI0 Hacoca. Pexumnl paboThl ce-
1 npu oreytersad BJVIC u nanope nacoca 20 M M306pakeHw Ha puc. 6.15
WTPHXNYHKTHPOM. PeKiUMBL, PACCUHTAHHbIE 1iPH APYTHX HAMOpPaX NOAKa4YHBalo-
LICrO HACOCa, MPUNLHIHAIBIO 11 OTIRYAIOTCS! OT MPeiACT4RIeHEBIX HA pue. 6.15.
Kak suuso us puc. 6.15. npw orcyrerrnn PALC nocie nonkaunpaoulero 1Haco-
ca clsKeHne nanopa  nofaiomeit aninn meped I TT1 upy BogopasGope us nojaako-
welt srHrK ymednmaer pacnogaraembil Hanop B ['TT1 » cooTsetcrpeninoc pacxons
DO 1ia OTOILICHH®, KOTOPBIE B PACCMATPHMBAEMOM CUYYAe. KAK RWIHG 13
puc. 6.16, a. ymennuiaoren o (0,60 pacuetroro. COOTDETCTDEIIO COKpAllaeTCs
no cpasiteduo ¢ BapHanTos ¢ PITIC 4 pacxog Bo/ b B HOAAFILER AHHAHH KAEUHCH
Te1TOBOH ceTH. (OTCYTCTBYICT TIPH 3TOM H NOTEPH 1eKTPO3(IeprHH, O0YCI0BIEH
Hble ApoccennpoBaniem HatbiTounoro Hanopa 8 PJUIC, Takum aofpasom, yeranon-
ka PUIIC nocne noaxauwpaiollero Hacoca na nonawoweit umun g UTIT apaaer-
CA, KAk MpPaBH/IO, HENETRCOOOPAZHON.

Paccvatpupaemasn 3apucumas cxema of.aamaeT PALOM SKCITAYATAUHOHHRX HE-
ADCTATKOK. AHAUATEThHAIME KOJeGAHMsIMKM AaRTeHH{l BO BREWHEH TenJoBoH ce-
TH H B NOAIOUWLel JHHHN KBapTAJARHONA COTYH, 4 CILACBATENBHO, W AHAYH TETbHBLIMH
HAMCHCHIAMH DACXOLOB BOAR! B CHSTEMAaX OTONJCHHA; HadHuHeM GobUIOro THEAA
HAaCOCCB, HElUCDELCTBEHHO CBH3AHRBIX ¢ NOIAOWEH JHHHER BHElIHeH CeTH. De-
TYTATOPOB anjJICHHA Ha oépammx JIMHUAX, YTO CIIH KALT NMadeKHOCTE CHCTEMbI
HOCKOJIbKY BEPOATHBIE OTKA3BL 3TUIO OBOPYLOBAHMS MOIYT Bhidkiath ABAPWHHLIE
HapymeHus paﬁom MECTIILIX CHCTeM OTOMJEITH; HenaGemnuM BOGIHHKHOBeRTEM
HENPOIOPEHOHANBHOR PASPELYAUPOBKH B CHCTEME ¢ BOABIIHM THCIOM HACOCOR

IJIIC. 5]8 Pua)-u'tmam pﬁl."lt“.'l'i.i I'H._lpﬂliJIh\iL:l'.‘l\Hx plsimob CHETUMLL TeNANCTAD KR npH
PAINHAENOH DC MKHIT uUJU]J&JﬁUp‘d H3 IlU,‘lulU]_lJ.tL'ﬁ JIHIRNC
Ha PoeiumeTpuucckom Mpadike CUAQLUMME JAHHHE — Demiin Oed pogopazlopa. WTpnxodlde  AXBHHE -
NPpH CTCOANCM mmopng(‘mpt'; IMTNHXTYHETHDATLE JIHBEHR — NDN MOKCHM D0 'rus_'|_r:p:1:1'l'3l:]|v: it UAvme b
YYACTHAX CeTHE YKalgHul pacxoall, 'r,ftc (Caepal, B poTtepH Hanops, o lcnpapald, B Y4Tax H NAPAKTCPEIN
CLMIREY TN FRAGENR HANDOPER, WM CHeRXY DHHT TAaNG DADaMETD  pE varenies . cpedied B Mak<on-
MAThHOM PACXOdEX BOLLL Ha BOAOPAIGOD WX NOJAIOUIER NMHHH, VKANZHE TAXKMKE cOUDOGTHEACHHT POry
ASMTADOD ANRTOINN DPH COOTRCTOTRVIGHINN 18 WM s
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H pery.iasitopoB; TPYAHOCTLIO ABAPHHAHOIO pesepBHPOBAHHN, TIPH KOTOPOM HMEK)T
MECTO 3HAYMTESbHhE HU3MCHCHHA I1anopoB B NOASKIOHX H OOPATHLIX JTHHHAX.
HeNOUYCTHMbLIE NIPH 3ABHCHMOM 1PHCOSAMHEHHH OTOMHTEILHK X {HETEM,

Bee 370 nojareepxaaet caedarHLii B [271 Berso) 0 HCOOXOTHMOCTH TNepexoa
B KPYIHLIX CHCTEMAX TEIIOCHAMKEHNS ¢ HCMOCPEXCTBEHHBIM KOJINPAIBOPOM Ha
HCRABHCHMYIO CXCMY TIPHCOCHHIIEHHA CHCTEM OTOUACHHA YEPel3 BOAC-BOIAAHLIE
TEMAOOOMEHHIKH . yCT4HUBIeHHne B [TIL

6.4. CACTEMbI TENJAOCHABXEHHUSA OT 3ATOPOAHBIX HCTOYHHKOB

Mojanasioniee BOIRIMHCTRO IKCIAVATHPYEMBIX B Hacrpawer speMs T3] pacioloxes
1o 5 uenacpeacTEeHKOH Bandocty 0r paoHoB Tenaonorpetacnns. [1py 3TOM NHKGRKE BOIO-
rpednble KOTTW PacmogaranTes, Xak npaskae, #a T3 B nocacanes ppems sta 1pald-
HHOKKaR cXevd CYIECTReHN0  MeHseTCA, TpyAnocrs Pacnofomeiid KNynins  HOTOURIKOS
TenAoCHABReHH A B HeNOCPENCTBEHHOH GIH30CTH UT I0puvdd M0 YOIOBHAM TOILIHRO- I BOIO-
crafXeHn s, 0Xpaxnl OKpyXawmel cpedd, H3bCKanud HeoGXoIAMOR MTOMARKH IPHAOIHT
K TOMY, 710 kpynabe T21[ pacnoaardwres na paccroaunr 10- 13 Kv oT rpainviisl ropo-
nd, @ NHKOBble KOTeNbHAEE BHIBOCATCH 38 apeseaw T3ML w COOpy®AWTCA 12 [PAHHLE
ropojia. B RauecTne MAKOBBIX HCNOALIYKITCA TaKIKe PACTIOAQKEKHAE B IEATPAX TeII0BOM
HATPYAKY pailoHHEE BOLOTPeHHBIE KUTCALILIC, pailee COVIKHBIIHE OCHOBHRMH HCTOUHHKAMHA
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seltocHa0KeHus. Takue cXeMbl NPHMEHATCH KAK B 3aKPbITLIX, TaK H B OTKPBITHIX cUCTE-
Max TeilmocHa6KeHns.

Ha puc. 6.17 npuseneHa MpHHUHIKAAbEAA CXeMa 0HOM K3 PeaJH30BaHHBIX MO 3TOMY
NPHHLKNY OTKPBITHIX cucTeM TenyiocHabxenus, [lpu paspaboTke STOR CHCTEMbl OBIIH NPHHA-
Thl CJACAVIOINHE OCHOBHBIE MoJIOKEHHSA .

BCH MHKOBAS MOIHOCTb / H Bee GaKH-aKKYMYJAATOPH 2 pacnofoKelsbl B TOPOJCKON MH-
KOBOH KOTeabHOH; ; .

BcA NMOANHTKA nponasoauTes Ha TILL; 3navenne NOANHTKH CTA0HALHO M PaBHO CpeAlie-
CYTOMHOMY HaHM CpPeliHeHe]le bHOMY 3HaueHHi0 (B 3aBHCHMOCTH OT hakTHYECKH yCTAHOBJIECH-
4Ol eMKOCTH GAKOB H HATPY3KH rOpAvero BojocHabKeHHs paioHa);

noanuTka 8 obparauit Konnexkrop TSI npouaBoguTes caMOTeKOM H3 AeaspaTopa 3,
PACMOJNOMKEHHGIO Ha Heo6XOHMOl /1S 3TOro OTMETKE,

pACX0] NOANHTONHOH BOJBL HA T3L1 onpeseasieTcs BeNHYHHOM T110Aa4YH €¢ HAcoCOM 4 B
aeaspatop. Jdasnerne B o6patHom xoaaextope TIL| moxzepKuBacICs Pery.IsaToOPOM NaBJe-
His «noctie ceGs» §, YCTAHOBJCHHBIM Ha 00paTHOH JRHHK TEIIOBOI CeTH Mepes KOJNeKTO-
pom T3LL;

pacxop BOAbI B [0AAIOIEH JHHHH TPAHSHTHOH MarHcTpafy cTaGHIHZHPOBAH. TYTeM TO1-
AepAKAHMSA 321AHHOTO NABJCHHS B TOJAOWEH JHHHH TOPOACKOH CETH C MOMOIbIO PaCiio.0-
WOHHOTO § NHKOBOW XOTEJAbHOM TAK HA3BIBAEMOTO «MepenycKHOros Hacoca 6, KOTOphid ocy-
QICCTBJRET IHPKYAAUHIO 4aCTH BOALI ¥3 00paTHoOro KoJJjekropa FPOPOACKO#H ceTH B N0J1210-
WiHii B TEM CaMBLIM KOMOEHCHPYeT KoJeGauuA pacxoia B nojaoulefl AHIHK TOPOACKON CeTH,
BbI3BZHHBIC H3MeHeHHeM pojopasfopa, n PeryJaaropa JaBJjieHd s «nociie cebar 7;
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daBaenue B 0HPATHOM KOMANEKTOPE IOPUACKON CETH OAJLD KHBAETCR © NOMAIILLKY GAKOR-
4 KKYMYASATOPOB 2 W DECYAATODOB AaBAeHAA «io cebsx § na Aulan sapaixy Bakor n snacte
coB» @ wa auHur pa3pAAKH 6aK0B. YBCaAKUCIIKC BOAOPA3GOPA NPEBOJAT K CHUMKEHHKY 13B-
AeHHS B NOAZIONEM KONTEKTOPE TOPOACKUL CCTH H COOTBETCTBYKHTEMY VREJHUEHHIO DAC KO
‘IEI}E‘S ﬂEp(‘.II}'CKH(Jf:I HACOCT. Fro pHBUAHT K CHHAKeHHD JABJEHIRH B OﬁpET!IDM KOJJEeKTOPC
POPOCKOH CeTH W PA3piiKke Gaka-aKKyMyJ1aTopa fleped MOJNMHTOUHBIE HACOC H Peryasivop
napgerups «noche cebmy, CHumenue sogopaifopa, HANPOTHR, OPHROHT K YRCIHYEHHIO 14B-
JdeHHH B NOJAIGHIEM KOLACKTOPE, YMCHLIUCIIKIO MepenycKa, MnRMIIEHHN JaBIeHHd B o6paT-
HOM KNJIEKTOPE ¥ 3apHAxe Oaka ueped PeryJartop AaBaerns #io cebas. CTaOHIasalns
HABJCHUS R OODATHOM KOAJEKIUPU I'OPOACKOH CETH MPUROANT K K cTa6MAUBALEH PACKOAH
BIH B OOPATHON JIHHMH TPHUIHTIIOW COTH. .

13 nKKORON KOTEA LHON PACIHOIOIMCHL FaKke NoAKauuraoiue Kacock /0w /1 Ha wouo-
mefi v oOPaTHOH JHHHAX JPAN3INTHOH MaTHCTPAMN.

V®azauible peamump paloTLl cHCTEMBl HAANKCTPHPVIOTCA  APEACTABJACHHEIMH - 1id
puc. 6.18 PE3YIbTATAMH METCMATHYCCKOre MOJETHPORZKUA THIPABJKUSCKHX peauMos alia
JOPHUHOR CHCTOMB! HPH HYJCBOM, CPCIHEM H MAKCHMAILHOM ROIOPA3BOPAX H3 HLALIOLLCH TN -
HuE roponckoll cerw. M3 puce. 6,18 ppaka paBoTa YCTAHOBJEHHNX B CALMC PCry dHToOpOB,
BHIPAMKAIOUIANCH B HIMCHCIHK KX COTUDOTHRICHHA. .

Ha prc. 6.19 upescrapaen pakTuiecku i CYTOUHbIE pe Hm palboril paceMaTpHBaeMoi cH-
CTEMLI, NOKA3LBAIOWHA  CTAGKIRHNE DACKGT BOJB B TRPAHIH IHBIX MUTHUTPASSIX, O€pEMeH-
S PACKO B TOPOACKHX ceTsaX, PEewHMbl 3aDHIKE H Pa3]ILIKS GUKOL-AKKYMYATTONOR |

Fanea ceduvmar

TENAOBLIE HA!‘PYIiKH‘FOPDIlCKHX PANOHOB

7.1. CTPYKTYPA TENJIOBbIX HATPY30K I“OI-‘OJICK.I‘IX PARCHOB

B cBA3H ¢ GOAbIIKY OfREMOM KHIHIUIONO CTPOHTEABCTHA W CBAIARILIM C
HHM CTPOHTCALCTBOM OOGUMECTBEHHBIX 31aHMH, 2 TAKIKE MPOMBIIIEHHLIM CTPOH-
TeBLCTBOM TEMGOBhE HAIPYIKH ropoios Henpepsizno pacryr. Ha puc. 7.1 npea-
CTaBJACHA AHHAMHKA POCTA TEMIUBbIK HATPY30K I, MOCKBBI. NOKPBIBAEMBIX OT BO-
IHHBIX TENOBBIX ceTell Mocsiepro. EKeroiHoe YReNHYCHUC {IDHCOCIHIEHH Of
TeNNOBOH narpyaku cocTarasier okomno 1160 MBT (1000 [Raa/u). OcHoBHbMH TCN-
JOBBIMU HATPYAKAMM B TOPOACKMX DaROHAX HB/SIOTCH, KaK H3BECTIIC, OTOUIE-

TaGanana 7 1. CTpykTypa TENA0B0H HAIDYIKH
B TenaeBwX padoHax tenaoceTu Mocanepro

T — CTpYRTYpa TenaosoH Harpyism ne |1 Lgﬁ:i“.r_ B
TENI0BAA MOLUIHOCTb
N it [opwuoc OTHOCH.
% BoAGCHAG- w g™ TCALIAS
pafiona ‘L‘f L]Q-HTHI_JIHI.I,HR AT M, = 5 n.arp}'a‘xa
T A < | amemsm | 2R | SNSEE
5&5 '_1:] c__: A H
1 1369 1177 57 .4 26,2 11.3 5.1 0,197
2 3928 3478 57,9 16,6 20,6 ﬂ 9 0.356
3 2152 1851 o8, 7 20,9 15,3 h,l 0,261
4 1462 1257 59,7 234 [1,6 . 5.4 0,193
3 220! ] 863 59,1 22,7 13,2 5.0 (3,223
6 4060 3196 56,9 17,7 20,6 4,9 (0,367
7 2085 1793 54,5 26,0 154 Sl 0,284
8 2186 2112 B2 ,2 28,4 194 5.0 0.277
9 4423 42:4 33,5 216 200 4,9 0,373
10 1701 1463 47 .6 310 136 1,8 0,286
il RN 897 57.0 19 .4 87 4.9 0327
Wroro 27 152 23 351 6h.7 22.2 7.1 5_.0 0,306
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HHE, BeHTH/ISINS, ropadee BojocHabkenHe, BeHTuIA1Hs HMeeTCs, KaK NpasuIo,
AL B NPOMBIULTEHHBIX W OOUIECTBEHHLIX 3AaHHAX.
- Ha puc. 7.2 nokazana AHHaAMHKa COOTHOUIEHHS MEXY 3THMH HarpyskamH.
B pesyJsbrate cOOpYMKeHHS 37aHHH CO BCeMH BHIAMHU pnaroympouc"raa H MOBbI-
WEHHA HX Y/EAbHOrO Beca B CyMMapHOHR XKHJTOH 3aCTPOHKE ropoaa 10/ Harpysku
ropsivero BOAOCHAOMeHHS B CYMMapHOH TenJIoBOH Harpyske JOCTHraa 17 % .
Jlona HArpyaku BeHTHJSLHH JOCTHIVIA 22 %.

COOTHOLICHHE MEKLY BHIAMH TeMJIOBLIX HArPY30K PasauuHo. OHO 3aBHCHT OT
xapaktepa aGoHeHTOB padoua. [las WiaTIOCTpanuH B Taba. 7.1 npHBeaeHbl AaH-
Hble O CTPYKTYpE TENJIOBbIX HAarpysok B paHOHaxX T. MockBset.

. - 100% :
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Puc. 7.t1. JlusaMuka pocTa TENJOBBIX HAarpy3oK, MPHCOEJHHEHHBIX K BOASHBIM TEMIOBbM Ce-
M Mocanepro

Puc. 7.2. JluHaMuKa H3MEHCHHR CTPYKTYPH TeMJOBHX HArpy3oK, NPpHCOECIHHEHHBX K BOAA-
: HHM TelJOBLIM ceTaM MocsHepro

Kak BHJHO W3 npHBeneHHOH TabaHIbl, B paliOHaX CTAPOK XKHJOH 3acTPOHKH
(1} 7), a Tak>ke npoMull/IEHHBIX palioHax (4; 5) noJsi HarpysKH ropayero BoJo-
cHafpkenusa HesesHka. Ona coctapaser 11—15 % . B paiionax, rae npeodaanaer
HOBas XHJaasi 3acTpoika (2; 6; 9), 10J5 Harpy3KH ropsiuero BoJAOCHaOKeHHs Cy-
mecTBeHHO Bbite. Oua gocruraet 20 %. B pafionax ¢ 6onbuiM yucaom obiuect-
BEHHBIX 3J3aHHH MM NPOMBILVIEHHBIX npeanpuaTa# (1;4; 5; 10), 3HauHTEAbAYIO
pomo (23—34 %) coctaBasger HArpyska BeHTHASLHH.

JlnuTepHOCTE OTONHTENLHOro cesoHa B Mockse cocrapasier okosao 5000 u,
4 YHCJIO YacOB HCIMOJb30BAHUA MAKCHMYMA OTONHTE/NIbHOR HArpPY3KH cocTaBasier
2500. Yuncno yacoB HCMO/Bb30BAHHA CpeHell Harpy3KH ropsvero BOXOCHaGKeHHs
cocTaBasieT npumepro 7500, T. e. B 3 pasa Goablue, yeM otonsenus. [1pu cpei-

HeM sHaueHHH p = Q:P/Q, = 0,25 rogoBoil OTNYCK TeNJIOTH Ha ropsyee BOJO-
CHaGXKeHHe Ha eUHHLY NPHCOELHHEHHON OTOMMTENBHOH HATDY3KH COCTaBAAeT
75% roMoBOro pacxofa TeNJOTH Ha OTOMJEHHE.
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72. HATPY3KH I'OPSUYEr0 BOAOCHABXEHHA T'TN

TpureyerHbE JuaHHLIC TOKARWRAOT, HACKOIEKO 3HAYHTEADHOHA ABJMNCTCA B COBNEMeH-
HLX TOPOACKHX DUfoNaX HATPY3KA TOPHHCIU poaocHAGKERHA,

Dra HArpysKa COKAOLIDAET CYIECTBEHHUC DIHTHHE HA peIOOp GOOpPYAOBAHHA TEMAOBHX
TOACTAKIK I, PEAKHMBL LCHTPATRROTO PErY/IHPULAHIET OTAYCKA TENA0Tl, PEXKHME] DABOTH CH-
cTex oTondeRHs. JLanaLe 0 HATPYaKe TFOPSUYCro BOAOCHAGKCHRA H XapaKIcpe ee CYTOUHRIN
rpadukon Aa3 MTIL ¢ pasns HEM YHCAOM JKHICNEH TPITRECHE B 122].

B nacTosdtiee RpeMs B CHCICMaxX TemtocHABKeH s oOLYI0 COONYIKAOTCA I'TIL. Pagemo-
TpUM rpadHKY HITPYIKH FOPHULTO DOAOCHABKEHHA LI psiaa T'TI ¢ pazanypoll TenMusoi
HATDPY3KOMH. '

UpabhHKH Harpy3sku ropaiuero BOACCEUBAKCIHS XADAKTEPHSYIOTCH KUIDPARHEHTAME He-
PABHOMEPHOCTH, NOX KOTOPRMH MOHHMUIGTLA OTHCIIEHN R HATDYSKH, MaKCHMAJLHOH 33 Of-
peleTerHBIH 1CPHOA, K cpenHedt 32 Godee HPOAUMKHTeARELE Hepaoa. O6LYne paccMaTyi-

B4IOTCA OTHOUIEHHE YACORVN HATPY2IKE Gp K CpeIRecyTouHUl QLPH NTHOUIRHHE CYTOYHOIC pac-

MBT | @p, TKOQASY A
"0 | %P | /
Al
a..
88T o5l
o5

gt 7lg
42 r-qz i

| 1 L [ |
Y g 2 % & & 1 12 % 16 (&8 20 2 2%
Yaces: cyman

Puc. 7.3. PpadHKe Harpy3kr rapagero poaocuatmedds [TI1 {yAcao mxa-
renelt 1900 qen.)

xoaa QP k cpenneneacaviomy (QP);. Byaem oGusnasats, Tak e Xax B [61], oTuonernne
MOKCHMAJBHOA uacosoit narpyskn Q* x cpeanecyrownoit QFF xosdkpriunenrox CYTGUHOH He-
paspomepHacTH Koy = Qu/QEP, a oTHOWERHE cpeied 2a CYTKH RATPYIKH QP x cpegneit

sa mefemo (QSP)y KodbpuuueHTOM HeZeinHOR  CPABHOMEDPHOCTH Ketgr = LPHTF)y.
Takum 0BpasOM, HZHMEHOBaHKC  KOSDHUIMEHTA  HePALNOMEpHOCTH — NPHHHMATICH
ne mepHody, CTOfEeMy B SHaMCHATENe, 4 HE B YHCJARICHC, IKdK  STO  NPHHATC B
[48]. epHOd, CTOAUIHA B YHCAHTCAE, RBJIAETCH GAKMAHIIHM MCHBIIAM  OTPE3KUM
ppeMeHH 00 OTHOWEHHIO K CTOSMEMY B SHAMCHATTIC. [Tpu TaxoH cHeTeMe

060sHaueni  koxbPUIHENT UacoBOH HupabUOMePHOCTA Kuae = (QPhma/ GF. T €. OR

paBeH OTHOWEHRIC MAKCAMAJBLION HA[PY3KH 33 MHKYTY, HAH NPaKTHUECKH MdKCHMaabn0M
MPHOBEHHOR HACPYYKM, K CPeAHeYAcOBOil.

Ha prc. 7.3 npepcranied nNpyMepluii BEY rpadmxa HATPYSKH IOPANETO BOAOCHaO#E-
uks TTII, ofcaysupaomedl Muioll MHKpopaiion, B KoTopoM npoXueaot 1900 wer., a B
Ta6a. 7.2 — naWnWe 0 3BAYCHKAX HArpPY3KH COPAvero BOAOCRalMcnng B KOMphRUHEHTAX
HCP2BHOMEPHOCTH 33 & HeJedb. Kak cicayver 53 531o¥ Tal/iMlbl, Cpednss 32 HEARAKW HATPYIKa
rUPAYEro BOXOCHAMMKEHHS SBARETUH BCCBMA cradnasHel. Makcumalbliue oTKIOHEHHA OT
CpCAnelt BeAKYARK 32 paccMoTpesHuc B iegeqk Re nperbluawT +8 %. Ipu aToM MEKCH-
MOAbIbE OTKJOHEHKA HMEOT npeanpasanuinne xeaean. Kosdpruucuru cyromioil Hepas-
IOMEPHOCTH COCTARAFIOT 1,9—2,2 1as peex qHedt zeaean. KosdhuunenTin nejetbHofl HEpaB- -
HOMepPHOCTH A NOHe/AeAbHEKY M NATIHUK NPUMeDHO DABRLE 1,0; Aun UTOPRHEA, CPEIbl K
yerpepra — okolo 0,9, zax cy00UTL # BOCKpeCeRbs 1,2—1,3. Cpeannk pacxaj ropsuel
DONE Ha oghora KHTeAd cocTasaxet 116 mleyr, uto GAHSKO K nHopme.

Ha prc, 7.4 npeactabfen TPaQUK HATPYIKH TOPSIUETd BOJOCHAGKEHHA WIA I'TII, of-
CAYKKBRIOLICH MHKpopaidox ¢ kacenenden 3900 wea. B radn. 7.1 npHeeLens Aaililie O HA-
FpysxaX ropaYero BOROCHAGMEONHA W KOSQQUUHCHTAX HEPARHOMEPHOCTH groin TTTT 3a
5 Rejcab, e BKIIOMABMAX MPEANPAIAHMYHBC B RPASAHHIHER, DT0 HApaay © Golbitiel abeo-
JAIOTHOR Narpyskoil onpefeanto 6onee cTaOn/IbHbe NOKAAATEIH HATDYSKH 10pAMEra RAJ0-
cabmkenns. CPeRRSR 32 & Helelb HeieAbHad Harpy3Ka FOpRUEro BOOCHAGKCHHS COCTAR-
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Ta6auma 7.2. Harpysku ropssero BOAOCHAGXenun TN (uncno xurenelt 1900 vea.)

% % > g = a3
. e o - o e " 3
Iluu HemenH Pacxoi TenJoTH e a3 Eh- r_-h = >‘ L=
(e I T | b= N | =8 5z
oo &1 e —_ s s &g
Horecaugux Qe, MBr | 0,54 | 0,59 | 0,654 | 0,546 | 0.55 | 0,43 | 0,551
X, MBr 123 | 1,09 [1,26 | 1,16 | 1,13 | 0,84 | 1,135
o o 995 12,0 |[1,93 [2,02 {2,012 |1.95 2,06
Q%P {Q5Puen 0,975 (0,975 [ 1,19 | 0,94 | 0,983 (0.9 0,994
Bropruk Q°P, MBr 0,513 10,635 [ 0,554 | 0,505 | 0,45 | 0,422 | 0.514
¥, MBr 0,04 | 1,21 [ 1,11 {0,980 [!.10 ]0,92 | 1,04
Qriase 1,83 [ 1,9 120 |1.94 | 2,4 |[2,017 }2,04
QP/(QPfmen | 0,917 | 1,04 | 1,00 | 0,868 | 0.833 | 0,856 | 0,926
Cpena Q°P, MBr 0,445 | 0,605 | 0,469 | 0,43 | 0,49 | 0,43 | 0,479
r
M MBT 1,09 | 1,06 |0,88 [1,04 [0,99 | 1,10 |1,03
Q¥/QeP 245 1,91 | 1,76 | 2,43 | 2,0 |2,57 |2,18
r r
QP /(Q5 ) nen 0,797 | 0,991 | 0,852 | 0,739 | 0,897 | 0.9 0,863
Uernepr QSP, MBr 0,488 | 0,56 [ 0,469 [ 0,436 [ 0,56 | 0,43 | 0,489
QY. MBr ,10 | 1,15 0,88 | 1,10 | 1.13 | 1,13 | 1,08
N/ 29 |2,06 [1,9 |25 [2,0 |262 |2,23
QP /(Q5P)wen 0.873 | 0,911 | 0.852 | 0,75 | 1,026 | 0,903 | 0,885
larruua QEP, MBrt 0,514 | 0,501 { 0,416 | 0,636 | 0,56 | 0.52 | 0,524
¥ MBT 1,09 |0,88 |0,83 {1,4 |L,iL |09 | 1,06
/P 2.2 | 1,77 [ 1,97 (2,19 | 2.0 1,91 } 1,99
QP/(QP)gen | 0.919 | 0,82 [ 0,757 | 1,09 | 1,026 | 1,095 | 0,95]
Cy66ota QSP, MBr 0,7 |o0,629}0,616|0,779 { 0,53 | 0,67 | 0.65
M MBr 1,31 | 1,08 | 1,03 | 1,61 | 1,10 | 1.42 | 1,25
Q¥/QSP 1,88 | 1,72 | 1,82 | 1,94 [2,06 [2,1 [1,91
QFP /(R Yuex 1,24 | 1,03 {1,102 §1,3¢ [0,98] 1,41 |1.19
Bockpecerbe P, MBr 0,711 | 0,755 | 0,672 | 0,740 | 0,68 | 0,75 | 0,72
M MBr 1,28 {1,99 |[1,44 [ 1,48 [1.51 | 1,32 | 1,49
QH/Q:F 1.8 2,64 | 2,14 | 2,0 2.2 1,75 | 2,08
QPHQP)yen | 1,27 | 1,24 | 1,22 } 1,27 | 1.27 | 38 | 1,27
Cpeatene- (QP)yen- MBT | 0,559 | 0,611 | 0,549 | 0,581 | 0,543 | 0,52 1 0,56
JenbHas Ha-
rpyska
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Tadauwna 7.3. Harpyska ropauero BoaocHaOXeHHA

'TH {uxncao mwurteaci 3900 wea.)

5| & . z 3

Jun nepenn Paexoa TenioTw bf T ;ﬂ j 5 Eg
BEIEAEAR R

-] o —— - T - LS

FleHeAc K Q°P, MBr 132 | 182 | 155 143 ] 1,32 | 1,3
Q¥, MBr 2,56 | 2,67 | 2.56 | 3,14 | 2,86 | 2,70

QU/QP 1,94 | 2,00 | 1,65 | 2,20 | 1,94 | 1,95

QEPA{QP heen 0,89 | 0,87 | 1,00 | 0,95 | 0,80 | 0,92

Bropnug Q®?, MBr 1,68 { 1,43 | 1,43 | 1,32 ] 1,26 | 1,42
", MBr 3,26 | 3,49 | 2,44 | 2,79 | 2,67 | 2,91

Qe/Qer 1,04 | 2,45 | .71 ] 2,10 | 2,10 | 2,08

QP { Q5P Juen 1,03 | 0,94 | 0,92 | 0,88 | 0,8 | 0,94

Cpexa QP, Mt 1,43 | 1,55 | 1,32 | 1,32 | 1,43 | 1,41
Qr, MBr 3,37 | 2,86 | 2,67 | 2,91 | 3,37 | 2,98

M /Q5P 2,35 | 1,85 | 2,20 | 2,20 | 2,35 | 2.10

QP Q5P Ymer, 0,97 | 1,02 | 0,85 | 0,88 [ 0,9 | 0,94

Yertnepr QP, MBr 1,32 1,43 1,43 1,43 1,43 1,41
G, MBr 3,14 2.79 2,56 2,79 2,79 | 2,81

Q¥ /QSP 2,40 { 1,95 | 1,79 | 1,85 | 1,95 | 2,00

QP /( QP e 08 | 094 | 092 | 085 09 | 0,93

Maranua QS", MBr 1,26 | 1,43 | 1,48 | 1,43 [ 1,32 [ 1,39
%, MBr 2,91 [ 29 [ 279 | 291 | 2,33 | 2,77

QN /QSP 2,40 | 2,00 [ 1.87 | 2,00 | 1,756 | 1,98

QPRSP Juen 08 | 004 ] €9 | 095 | 0,89 | 0,92

Cyd6ora 5 MBr 168 [ 1,78 | 1,78 | 1,78 | 1,90 [ 1,78
M M 3,37 | 3,49 | . 3.26 | 3,37 { 3,72 | 3,44

QE/QsP 2,00 | 1,9 | 1,83 | 1,9 | 1,9 { 1,93

QP ( QP Yrren 1,13 | 1,17 | 1,04 | 1,19 | 1,27 | 1,18

Bocxpecenie QP, MBr 168 | 1,68 | 1,90 | 1,78 | 1,78 | 1,76
M MDr 3,49 | 3,37 | 3.37 | 3,61 | 3,49 } 3,47
Qu/Qsr 207 | 2,00 } 1,77-| 2,00 | 1,96 | 1,96

Q5P /(5P e LAg | L0 | 122 [ 1,19 4 1,19 | 1,17

Cpeasene- (5P )ven. MBT 1,48 | 1.52 ‘ 1,56 | 1,50 | 1,49 | 1,50

rpyaa
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Puc. 7.4, Tpapuxkn sarpyasu ropsvero sogocnaGmenuss [TIT (uneno wmureaeit 3900 gen.)

daser 1,5 MB1, a oTkJIOHCHHS 0T Hee He npepbimarr — 1,5 = +-4.5 %. Kos¢ppuuuerr cy-
TOMHOE HepaBHOMEpHOCTH pasel npumepno 2. KosdduuneHT Hegenbroll HepaBHOMepHOCT M
Bo Bce Gyanue aun 0,92—0,94; B cy66oTy W Bockpecesne 1,18—1,17.

7.3. TEMJNONOTEPH B CHCTEMAX I'OPAYETO BOJLOCHAB)XEHHUS
MHKPOPAVOHOB

B 3aKpuiTbiX CHCTEMAX TENIOCHAOKEHHS KHALIE MUKPOPAHOHB OOLIYHO NOJYYAIOT Tel-
Aoty o1 I'TTIl no uetbipexTpyOnoi temtoBoli ceTH: ABe TPYGH CHCTEMBl OTONJEGHHN H [BE
TPpYOh! cHCTEMbl TOpsivero pojocuaGikenusa. O6paTnas (WHpKyJIsuHoHHAzn) TPY6a CHCTEMbI
ropsiyeroc BogocHaOKeHHS lIpejHasHavena Jsl OCYLIeCTBACHHA UHDKYJALHH Harpetoil B
MoJOTpeBareasX BOAONPOBOAHOH BOAS H noglepXxanus 6iarojaps 3TOMY BO BCeX TOUKax
BOAOpa3bopa TeMNepaTypbl BOAB NE HHKe 3a1aHHON, OTcyTcrBHe UHPKYJAUHH [PHBOAKT
NPH MaJoM BOLOPasGope K 3HAYHTENBHOMY CHHMKEHHIO TEMIePATYPhi BOAK B CETH FOPKYEro
BOAOCHAGNKENHA H3-34 TCMAONOTEPL M OOMBIIHM GecHONe3HbIM CAHBAM OCTHIBUIEN BOJIb.
Ouenka tenaonorepb B CHCTEME TOPRYEro BOIOCHAGKCHHS 6blia NPOH3BeJleHA HAa OCHOBA-
HH¥ aHaNn3a npOeKTHBIX JaHHBIX. DBIK NpoaHanu3HPOBAHL NPOH3BOABLHO BhIGpaHHbe 62
OPORKTA CHCTEM I'OPSIYCTO BOZOCHAGKeHUS MuKpopahonor o1 [T, BHNONHEHABE WHCTH-
TyToM Mocnpoext-1 [23].

9 Jaw 141 129



ATh cHCTCMBl HMEAM CASAYIOILHE SHasenad QF

Husuanzon:
Mbr . 0.46- 1,16 1,16=1,75 1,7/ 2,32 232 2.9 2.9—3.5 3.5 406
Fradtfu . . Bd—1.0 t— 1.0 1l,a—2 2 2.h 2.—3 3--3.5
UKo CHETEM . 3 4 24 a3 1 4

(OTHUCHTEALHLC ATPYIKH TOpRtero BojncRAGKeNus (MAXCHMANLIGE) 15 paccMaTpURAR-
vbix TTIT cocrapasnan ot 0,6 20 1,1, Tenaonotepu b CHCTEME FOPHYLID BOAVCHAMKOHNS Q)

CKJAANNBAIOTCH M3 TENJAONOTEPL BO BHYTPCINAX CHeTemaX 3TaHUE an ¥ TENIBUOTCPL

B KBapranbHEIX ceTax QN0

I"]u'rupu TCNAOTE B AOIHAROMEeM H IHDEVAALUHOHHOM '1‘p}'ﬁuup05ujzax CHCTEME FOpAYero
BOAGCHAOKCHHA SAaHK Tl HRAN onpeeseds Ha OCHOBAHWH NPOCK!ILIX JABHHX [0 AHAMETpaM
H AIRHaM TpyGonpoeofos 108 RARGOAee DACIPOCTPAHEHIIBX THNOBHX cepuft anaHKl, CHAO-
MACMBI X Tenviom of paceMarpapaemix I'I'il. Ilpy sTom onpeaciiaanch cyMMapHbie TeNA010Te-
pU AdfR TOAAIOIEro H NHPKYJAARKOHHOTO TPYGONpUBLALS. KoaipunseHt TenIonepeain
M5 LCHAOAHPGBAHAOrG TPYGONPOBOAA NPRERME/Ics papuey k- 10 kraa/(u-m*-"C),
Cpenuag TeMRepaTypa R HoAaomed ¥ OGDATHOM AMLKTX TPHANMAAACH 5D °C, a Temneparypi
vxpyxaowei cpes 18 “Cl IIpH seex pacueTax Ha HuydTelinbie TeMmoNOTePH [pHHHMANACL
nanbasxa 20 % . Pesyavtari pacueton TenaonoTepk U3 B CHereme Topavero pofockabue-
HHS THENOBHYX 33NN, PACNOJIOXEHHBIX B 3uH¢ ACHCTDHA DACCMOTPEHHBIX I'TI, npkpenens

R 1abn. 7.4, B 1aGasgue ykasasb TakKe NMpPOSKTHHIE ZHAUCHHA (QF)an. OTHOCRTENBHBE NC-
repu QA (QY)an cocrapamot, Kax BHAEC H3 TA6A. 7.4, MIA GOALLIMNCTIA 313 nuti 6—9 %.
B npoextax I'TI1 onpefesensl MakeHManbuble HATPYSKH [OpPAHYCTO DOJOCHAGHEHHA Q.

Juavenus QF I'TI1 mensnre, neM cymma {Q’;_‘)m, BCJAEICTERC MCHbBHIEr0 3HAYEHHA KOov(xpu-

uuenTa oHORpeMeHHOCTH Teuaonupelicnns., Ha puc. 7.5 npepcTapaens JasHCHMUCTE 3Ma-
YeHHS CYMMAPHLIY TENIONOTEPL B CHUIUME ropsders BOROCKABKEHEA 3auHxl, cliaGRaemnx
rengom ot ITI1, 0T MAKCHMANLHON halpyaks ropaiera pojocEatxennn I'TTL 3inaueHua Ton-
aonoteph, K4X cAeayeT H3 pur. 7.5, MGrYT® OnlTh RBIPAKEHH npudauxeioit opryIoi

Q3R --0,0765 Q. (7.1)

Mevepr TeNAGTH B KBAPTA)bHOH CETH FUPAYEro BOACCHAGKENHA TAKMKE ODPCACANANCT
Hi OCHOBAHHY NMPOEKTHRX JEaHHMX € YUCTOM THNA DPORAATEH {Kauaabuan, SeoKanadbHae,
@ TEXHHYECKRX NOATONBAX 3JaHKHA) ¥ adkuust w3oasunw. LIpK Beex pacucrax Ha HeyYTEH-
HUC MOTEPH TeNAOTH TAKXKE NpHammaltack nanbaska 20 %. '

ila pre. 7.6 npeicTaBacHbl PACHETIMC 3MAYEHUS TENJONOTEPL B KBUP IAMBULIX CETAX
ropayero poAnCcHaSKeHNa. [Tockonuky gian pacematpuaanwnxed FTIT navrnocres 3ACTPOHKH
MEKpOpaHOBOE Bb13 HEOIHHAKOBON, NIWHL ceTell TOPAYETO BONOCHAGKCITHS  DASMRNIHN
ks TTT ¢ onnRakorol Barpyskofi vopasero pogocrafxenns. [lostomy, Kax naano W3

TaGauauna 7.4 Tpoexrubie 3JHA9EHAR MAKCHMAABHLIX
HEFPYSOK ropsvero sopocHalxenus

Pac X Tewnonorepd [ cHETeMe FOPHHGIG
:;:;;""';‘g{ég"::ﬁ;';g;;:“ ROJOCHADCITHY SHdHHA na Oany

Tanonas s na l'{:rl)ﬂllgt‘ r‘!c;'uu:mifnm:uuc CARIE0

CepHE T EKNOCTL wa OAHY COKOKIO

sTanui M

(Q:") ame "Br xBy % (Q,‘)an

1[-49 : 108,3 9.5 10,2
1-57 0 112,6 K 95 8,9
i1-57 4 112,5 K95 9,5
1-619 8 120,6 BY 5.6
1-605 8 §20,6 8.8 385
{1-67 12 160.1 10,9 7.8
1[-68 12 3227 45,1 9.05
I1-18 12 a02.6 206 g0
11-32 12 4K1,1 309 7.5
11-200 14 352,86 206 5,8
.22 16 Ji22 225 B.2
11-42 i6 373,4 234 7.2
11-43 16 427.2 26,7 7.2
{1-68 16 734 24 8 77
HAT-601 ST 506.4 95.4 78
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puc. 7.6, MMeeT Mec10 pa3bpoc 3HAUCHHE TeNNONOTEPb B CETHX TOPHYEro BOAOCHAOKeHHH

MHXpPOpaioHOB.
34BHCHMOCTL TENJIONOTEPb B KBAPTAJbLHLIX CeTAX ropavero BOAOCHAGKEHHSt OT Max-

CcHMaabHO# Harpyskn ropadero sogocuatuenus [TTT Moxer 6uiTh Buipakena NPHGAHKEH-
HOH GopMyaok
KB =ri M -
Q. -0,017Q. (7.2)
Taxum o6pa3soM, cymMMaplihe TEMIOIOTePM B CHCTeMe ropsiuero sofocsabmenis PTIHl mo-
yT ObITE ONpPeleaeHbl 1o (pqpmync

@ =Q*+ Q% -0,0935Q%. (7.3)

[Ipusenernas popmyaa Guiaa cONOCTaBACHA ¢ pe3yabTaTamy HCMBITAHHA, NPOBCACHUBIX Ha
tpex I'TIL Pe3yanraThi cONOCTaBJIEHUS NOKA3LIBAIOT, YT0 OTKAOHCHHE SHAYCHI] Qp. onpe-
AeJeHHHX 10 Gopmy.ie (7.3), OT ONbITHHX 3HaYCHHIl He npepuiwaioT 11 %, uTo aaeT ocnopa-
HHE HCNOAB30BATL 5Ty GOPMyJy NpPH BHOOPe 0GUPYIOBAHMA W pacueTe PeXHMOB padoTs!
TENIOBHIX NOACTaHUHE,

B
MBr QR rran/y MBTy QR Tkanfy
83 - x
= s+ x % x o X
43 4 x o
x £Xx * Ty
! :—“/‘ﬂ x i
G2 :A:L M?HM"- x X x/g/”
qz— kx:é:“:)/ Koy : xi:x o X’ xx
:ﬂé x * ; aﬂz | #x:ﬂﬂ
gk 9T /‘:.{n gozt /:- e %
x
P ' ! L t a* 0‘/‘ : : TR
= MaKc 7 K
Jl J 2 or ,T{EJ’T{# L. 1 { £ ?r ,rK:IJI/Q
Puc. 7.5. Tenaoriotepy B CHCTeMax rops- Puc. 7.6. TenaonoTepH B KBapTaasHOH ceTH
uero BOAOCHAGIKeHWS 3aHul, npHcoeau-  ropsuero sopocHabikenna ot I'TIT no 3:iamui

wennwlx ¥ ['TIT

C 1 anpaps 1977 r. ppenensl B AedtctBHe Hosuie CHuIT 11-34---76 «Topavee sBonoceaGxe-
Hue. Hopmbl npoekTHposanysn». Ilo MeToaMKe pacueTa MakKCHMAJBHOIN HAarpys3kH ropsyero

BojocHabXKeHH A Q‘r“, npuperennoft B 3rux CHull, snaverna Q Xan oaxoro u toro e unc-

M

., onpelejeHHble 1o pauee Aeftcrrosasiinm CHall,

Ja KBAPTHP NPCBBLIUAIOT 3HAYCHHA Q)
Ha 10--20 % (8 3asucumocTi o7 aGcoatorThoi peanyntn QY). Tlosromy npu onpepeieluy
Q) no nosbim CHuIT npusefennbie phillle GOPMY/Ib MPUMYT CAENYIOUHI BHA:

Qﬁa:moﬁ?ﬁf@g; QR =0,015Q¥: Qn=0,0825QY. (7.3a)

74. HATPY3KH FOPSMEro BOXOCHAB)XEHHUSI KPYIHbIX )XHJIbIX PAHOHOB

Harpysku ropsiuero BoJoCHAGKeHMS KPYNHBIX MHUALX paloHOR MoryT GuiTh Heno -
CPEeACTRC HHO OlIpeACJICHB [0 PACXOLY HORHHTO‘-IHOF! BOABl B HCTOUHHKAX TENJIOTH OTKPBITBEX
CHCTEM TemI0CHaGXeHHs. PacXol BOAL Ha ropayee BOAOCHaGKeHHe MeHLUle pacxoia noji-
MUTOYHOH BOALI Ha 3HaYeHHe YTeYyKH BO/bl Yepe3 HEeMJOTHOCTH crallMokaphoro o6opyaoBa-
HES, TenAoBOE ceTH M a6OHEHTCKHX YCTAHOBOK.

Pacemorpum rpaduks Harpy3ku ropsadero poaocHaGkenus pailona Jlenuurpagekoit
T N 5 ¢ MakcHManbHON Harpyakoil ropsiuero pogochabxenns 108 MBT (93 Fkaa/u). Ko-
JHYECTBO IPOXMHBAIOUIHX B DaHOHe XXHBTedell, NoOALIYIOMHKXCA TFOPAYHM BOAOCHAGIKEHHEM,
88 thic. yen. 'padukn Harpy3kH ropsuero BogocHaGXenud storo paiftona 3a 1972 r. npupe-
zeHul B [22], E[arpysxn ropsauero BojlocHalxeHus B palone, nuraeMoM OT 3Toilt e T3Ll,
no AaHHuM 3a 1978 r. 6wisin npoanaausuHposansl Cepsepo-3anagHbM oTaelicHHEM HHCTHTYTA
BHUMMsnepronpom (mk. A. A. Opaos). Xapakrep cyTounnix rpa¢HKoB OCTa/tCs NPaK-
THYCCKH HeH3MEeHHBLIM, XOTA abcoJIoTHLIC 3HAYCHAS CPEIHECYTOUHLIX PacXojoB MOZNHTOY-
HOH BOAW YyBeauwunJuch npumepro na 20 %.

YnenbHLE CYyTOUHBIC PaCXOALl BOAB Ha Tropfvee BOAOCHaOXKeHHe, CpPeAHHe 33 Heled10,
Aexat p npejenax 138—152 a/(uen-cyr). Boabuine pacxoan oTHOCATCS X MpegnpasHHYHBIM
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HejeasiM. ITH BeJHUHHLI NpeBLIAOT HOPMAaTHBHLIE 3Havenus. B HeoTonuTenbHbIl mepuoj
5Ta BeJHYHHA cHuxaetcs 10 113 1 B cyTkH Ha | wesr. Ha pacxog Boawl Ha ropauee BofocHa6-
)KEHHE OKa3blBAET 3HAYHTEbHOE BJAHAHHE GOJbLIIOE YHCNO HepaGoTAUUX TePMOperyasTo-
poB ropsyero BojocHalkeHHa. Y aG0HEHTOR ¢ HepalfOoTADILHMH TEPMOPETyJsSTOpaMH OT-
Gop BORKI Ha ropsiyee BOAOCHAGKEHHE OCYILECTBASCH LUeNHKOM K3 IOAAKMeH HIH e/l HKOM
U3 06paTHON JHHAHK NIPH TeMNepaTypax BOMB, OTAHYANWHUXCS OT pacueTHol 65 °C, npu xoTo-
poit onpefeseHbl HOpMaTHBHbIE 3HAYeHHS YelbHbIX PAaCXOROB BOJALl Ha ropsivee BOJOCHA0-
HeHHe.

Ha pue. 7.7 npeacrapaeiibl Ko3pEHUHEHETH CYTOYHOH M HeAelIbHOH HepaBHOMEpPHOCTH
A1t OGBIYHON Hepeln, a Ha puc. 7.8 — 1e xe xo3pduUMeHTH A1 npegnpasiHuukoit (npea-
MalickoR) Hegeqk. Ha 3ToM 3Ke pHCYHKe NpeacTaBleHb KOSQPHUHEHTH HejlelbHON HepaBHO-
MepHOCTK I8 Takoit e Hepenu 1972 r. [22]. Kak BHIHO K3 3TOrO pKCYHKa, HaTpy3Ka rops-
qero BOJOCHaGXenns B NpeINPA3RHHUHBIE IHH A4 Da3HbIX JeT MOMXKeT CYUIeCTBeHHO KoJe-
6aTLCA B 3aBHCHMOCTH OT IepeHoca BBIXOAHLIX JAHell B CBR3H C NIPasfHHKAMH.

O6pawaer Ha ce65 BHEMaHHe 3HAUNTENbHLIH BOJOPa36top B HOUHOH MePHOH, COCTaBIAIO-
mHit 25—30 % cpeaHecyTOuHOro 3HauMeHHA.

[lpouspenenne Ko3PPHIHEHTOB CYTOYHOH H HeJeJbHOH HepaBHOMEPHOCTH NPEACTaBIR-
er co60ii OTHOUICHHE MaKCHMa/bHOrO YacOBOT0O pacxoja 3a JeHb HeAeJH K cpejiHeHeAesbHO-
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My. MaxcumanbHOe 3HaueHHne 3TOM BeAHUMHE! V15l OGLIMHOH Hele/lH HMeJIO MecTo B BOCKpe-
ceHbe W cocTasHao 2,03, a Aas npeanpasauHuHO Heaesnd 1,85 B cy66orTy 29 anpead.

[paduku pacxojia Bojsl Ha ropayee BoAOCHAGKeHHe A5 KPYNHOrO PAHOHA ¢ HACRJIEHHEN
cpbiwe 400 Toic. Ues., cHabKaeMoro TenaoToi u ropadeit Bogoi ot Cepeprioit TILL Jlensnep-
ro, Jif OOBIMHON ¥ NpasgHH4HOM (HoBoroamei) Hezeab NpeacTaBiceHsl Ha pue. 7.9 u 7.10,
COOTBETCTBYIONIHE 3THM HegedsnM KoO>DPHUMCHTH CYTOUHOH W HeAeNbHOH HepaBHOMEPHO-
eTH — Ha pHc. 7.11 u 7.12.

; : IF'aiagea socoran
TENJOBBIE XAPAKTEPUCTHKH TENJAOOBMEHHDbIX
ATIMAPATOB CUCTEM TENJIOCHAB)XEHHWA

8.1, YPABHEHME XAPAKTEPHCTHKH TENJTIOOBMEHHBIX AIIAPATOB

OCHOBHBIMM TEN1000MEHHBIMH anitapataMy abOHEHTCKHX YCTAHOBOK B CHCTe-
Max TenaocHabKeHus SABASIOTCH OTONUTENbHbie npHOOPH, B KOTOPBIX TernJj000-
MEH OCYHIECTBJASICTCS NPH MPHHYIHTENBHOM JBHKEHHH Ipeolieil BOIbI H ecTecT-
BEHHO! KOHBEKIHH HATDEBAEMOro BO3LYXd. NMONOrPeBaTe/In ropsuero BoIocHab-
HKEHMA M OTONJIeHus (NpH He3aBHCHMOM NPHCOEAHHEHHH OTOIHTE/ILHBIX YCTEHO-
BOK), B KOTOPBHIX HMEeT MEeCTC TeIJIOOOMEH iIpH NPUHYAHTE/ILHOM [POTHBOTOY-
HOM JBHIKEHHY HarpeBaeMoi H TPEIOLeH KIIKOCTell, I BO3LYIIHbIE Ka1opHudepsl.
B KOTOPBIX TEINJI006MeH OCYILECTBISETCs MPH NPHHYAHTEIHHOM IEPeKPEeCTHOM
ABHKEHHH Tpelouleil BOJAbl M HarpeBaemoro Bosiyxa. Bee sty renyiooGMeHHbie
annaparsl B 3KCILTyaTallHOHHBIX YCJIOBHAX paboTaloT NpH NCPEMEHHEIX pacXolax
W TeMnepaTypax Tem/IOHOCHTeNel, 3aBHCAUINX OT Ce30HHBIX H CYTOUHbIX rpadu-
KOB TENJIOBOH HArpy3KH, a TAKXK€ OT NMPHHATOH CHCTEMbI Pery JJHPOBAHHA OTHYC-
Ka TenyIoTel. Temmeparyphl TEITOHOCHTE e NpH YCTAHOBHBILEMCS PexuMe pabo-
THI TENJIOOGMEHHOTO annapara B OOLIeM CJIy4yae ONpelensiorcst M3 ypPaBHEHHH-
TenJIonepenayd U TemJIoBoro dasaHca

Q= RFAL — W g 8ty — W, 85, (8.1)

rae Q — TensioBasi NPOH3BOAMTENBHOCTH TEMJI00OMEeHHHKa; F — MOBEPXHOCTE
tenaoobmena; Al — cpeiHsis PasHOCTb TEMNEPATyp TeIlIOHOCHTedeH; R -— Ko-
s(puunent rernonepesaun; Afg,A f,—O60nbluas 1 MeHblIAA PAIHOCTH TEMIEPATYP
TemaonocHTenel; 6f;, 8f,; — Oonbluee H MeHblee 3HAUEHHS Harpepa TEMJOHO-
cureneil; Wz, Wy — Goabluee H Mebllee 3HAUEHHS TEMJIOBLIX 3KBHBaJCHTOB
pacxonos Tenaonocurereii: W = Gc, rae G — MaccoBsiil pacXoj TenJIOHOCHTE-
J, € — €ro yAeJbHas TeMNI0eMKOCTD.

Cpenusis pasnocTh TeMnepatyp Af3aBHCHT OT CX€Mbl [[BH2KEHHS TENJIOHOCHTE-
neil B reriooOMenHuKe. [1s ee BrUKC eHHsT OObIYHO HCNOAL3YIOT (GopMy Iy Cpel-
HesnorapugMHUeCKOro TeMnepaTypHoro Hamnopa s NpoTHBOTOKA

Afsa 2000, (8.2a)

2.31g —
o Aty
BBOS B Hee MONPaBKH Ha CXEMY ABHMKEHHs TeNJIOHOCHTesedl, JInuneiinas 3aBucH-
mocts, npenaoxkennas E. . Coxoaoeem [57, 611,

Af =V —abt, —bdls, (8.26)

rie a, b — nocrosadEbe KOIPDULHEHTbI, 3aBHCALILHE OT CXEMBl JBHXKERHA TeIJio-

HOCHTE/IS B TEIIOOOMEHHNKE, 3HAYMTELHO YIipolaeT Bbiyucaenne Af.
[TpH NpOTHBOTOYHOM JBIDKEHHH TeNnJOHOCHTeded B BOAO-BOAAHBIX MOAOTpe-
BATE/IAX CHCTEM TOPSYerc BOAOCHAOMEHHs H OTOILICHHS 3HayeHus KosddpuuueH-
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ToB a u bcocrapasior cootpercTBeddo (0,35 # 0,65. Jlas onpenesenua napamerpos
TEnJOHOCHTENEl B HEDACHETHBLIX YCJAOBHAX HCHONBIYETCS YpaBHeHHe XapakTe-
PHCTHKH TERIOOOMEHIIOTO annapard :

Q-:me v, . (83)

roe Y — MaKCHManbHas PazHoCTh TEMHEPATYp TEIIOHOCHTENeH (ua Bxoae ux
B anmnapar);

" BejuuuHa € — Ge3pasMepras yjedbHas TellIoBaA 1arpys’xa TenJI000MeH-
woro anmapata. OHa npeacTapiaeT co00H OTHGLUBHME TEIN0BOK 1IPONIBOIHTCIb-
HOCTH AARHOrO &nnapara K TenaoROH MPOH3BOZUTEILIOCTH NPOTHBOTOYHOTO am-
napara ¢ GecKoHeyHO GOJbWOR NMOBEPXHOCTHIY HArPeBa, paboTalouero mpH Tex

K€ YCAOBHAX 1@ BXOge B annapar.
Jlng Beex cXeM ABHXKEHHS TeNaoHocuTenelt u3 ypasrermid (8.1), (8.20)
(8.3) BEIMYHHA & ONpENEJAETCE u3 BhipaXKeHHs

TR <e,, | (8.4)

rie @ == RFIW, — pexuMHBIH Ko3(hpHUHeHT; &, — Oe3pasmepHas yACILHAR
Ten0Bax HArpy3Ka TEMmIooOMeHHOro anmapata ¢ GeckoHeuHo $0bLICH nopepx-
HOCTBIO HarpeBd, onpeieiseMas H3 YPABHEHHH Jisl £, BhIBESEHHBIX C HCNOJIL3O-

BaHueM ypaBHenus (8.2a).
JL1st OTONHTENLHON CHCTEMEl CO CMelleHnew Ha ahOKeHTCKOM BBOJE, ¢ y4e-

TOM OUEHDL BLICOKOTO 3HAYeHWH SKBHMBAJICHTA PacX0ia BOBLYXd NO CPABHEHWR) C
skpuBastenToM pacxofa soasl (W, /Wg = 0) u upn kospuumere renjsonepesa-
Ui OTOMHTEJNLHBIX NPHOOPOR, OTHECENIIOM K CpelHeapHOMETHHeCKod pasHOCTH
temnepatyp (@ = b = 0,5), ypapuenune (8.4) npuHuMaer Dij
1 i .
By= = 1, (8.9)

0,5--u 1

l+u @Wo

rRe # —~ KOS(MHIHENT CMEWRHHA; w, = K f/W o -~ pesumubit Kos(dHIHeHT
OTONHTCABHOH YCTAHORKH, Ry -- KOXDDHLASHT TENN0NCpeAaYHd OTONHTEIBHBIX
npuGopor;, W, — 3KBHBAJEHT pacxXoja BOILL, NOCTYNAIUIRY B CMECHTENIbHOC

VCTPONICTBO M3 TeNJIOBOH CEeTH.
Jlag ofnerdeHyus MOAb30BAaHHA YPABHElHEM X&paAKTePHCTHKH BXOLSIES B

Hero 3HaueHHe kF 3aMEACTCA PABHOSHAYHBIM BHIDAKEHHEM.
J19 BONO-BOASHBLIX [0/0TPCBATENCH :

EF =9V W, Wy, (8.6a)

rae ¢ -- mapamer( IIOZOTPEBATENA — BEJAKUHHH, TPHHHMACMaa B NePBOM Npu-

GJIHKEHHH  TIOCTOSIHHOH.
J1s BO3AYIIHAIX KAJOPHPEPOB C BUUAHKM 0OOrpeBoM iip TypOyJIEeETHOM -
JABHXXEHHH ODOHX TEMJIOHOCHTENeH '

bF = QWD Wi, | (8.7)

me W, u W, — BoasHbE IKBUBAMCUTH NEPBHYHOIO (s0/bI) H BTOPHUNOND
(Bo3ayxa) TENICHOCHTENCH,

My =0,12 = 0,20,
iy —0,33 = 0,50.
Jlasi pajfaTOPHBIX CHCTEM OTGILIEHHS
kF =&, Qs'", | (8.8)
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rie Q. = Q,/Qc — OTnocuTe.qFHuﬁ pacxol & \ \ o
TenJAOTH Ha ortonsenue; Qo — pacueTHbINH e e X
pacxoj TeNJOTH B CHCTeMe oTomJienusn; @, — 48 e e o r L
napaMerp DTOHHTE.’![:HOI?]’ cucreMbl: @, = \ L [2

; ’ ' Tas+To2 . '
= Qu/At', rme At == % — {, — pas- 46 \\ NG ‘;r\‘_
HOCTb MEXKAY CPeiHeil TeMnepaTypoi rpew- g4 %]
el BOAL B OTONHTENbHOM npubope H TeMmne- N — 4s : =
paTypoii BHYTPEHHEro BO3LyXa UpH pacuer-  p, "-_-u..?_H__;_:
HOM DEeXHME, Tgz U Tgs — pACUYETHBIE Temire- BTrre
paTypel  BOJbI COOTBETCTBEHHO Ha BXOjle B %7
OTOMHTEIbHEIE IPHOOPLI H HA BLIXOJE H3 HHX; a g2 0% 86 W,/

o6buHO Toz = 95 °C; 140 = 70°C; £, = 18 °C;

At = 64,5 °C. Tlpu 3Tom napamerp oronuTeb- Puc. 8.1. BespasmepHan yaenbHas

HO¥ CHCTEMBI C PACY€THOM TenJIoBOM HArpy3kop — Ten10B&t Harpyska mpOTHBOTOMHLIX

Q(.; — I,IG.MBT (] rKa.IJJLI) ¢n - 18 KBT/K BOAO-BOIHHbLIX noaorpeBarteJieH

[15 500 xxaa/(u-"C)}, ; .
C y4eTOM npHBeNeHHHX 3RaueHHit RF ypaBHeHue (8.4) nNpHHUMAaeT BHA:
Aa51 BOAO-BOASIHBIX NOAOrpeBare.1ei

1
e < 1. (8.9)
; ‘C—'wf_“ W—’M . . 1 .
0.35 = 1-0.65-1-—~ VWaWe

F

Ha puc. 8.1 upeacran.iena 3aBucumocts € oT W /W npH pasin4HbiX 3Ha-
yeHHAX P no ypaBuenuio (8.9);
JS1 BO3AYUWHBIX KasopudepoB ¢ BOASHBLIM 06OrpeBoM

. . ' <1 (8.10)
VW Wy bl | W
civ 1 ——
“ Ws @ @ WH?I-': u;ffn’ff
i
Hns paauaTOpHBEIX CHCTEM OTONJIEHHS ypaBHeHue (8.5) npuHUMaeT BHA
QII !
o = <1, (8.11)
W, 050 |
1l ' w
rie
Q- Q; §v?
(ll::d)n 2 = <t : . (812)

W AT W,
Ha puc. 8.2 npeacrasnena 3aBUCHMOCTD €, OT 0 NPH Pa3JHYHbIX 3HAYEHHAX
u no ypassenuo (8.11).

& éﬂ,Z
a0 1| 2] 1o — =
4,4 L~
J— /. 1// 25 | %94
¥ | /i i
} |
|,
. i 42—
1 | !

0 65 10 15 20 w 0 02 04%-46 48 §

Puc. 8.2. BespasMepHas yjeabHad TennoBas Harpy3ka OTOfHTeNb-

HBIX YCTAHOBOK (a); rpaduk (hvHKUHH Q3'2 (6)
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Ecan cpenion pasnocTs Temueparyp Al B ypabHeHHH {8.1) onperenntn He
no ynpouenHoli JuHefinali sasucuMocty (8.26), a 0 TOYHOMY IKCNOHEHIHATb-
HOMY BRIpaXCHHIO (8.2a), TO BeanuuKa ¢ IJIST MPOTHBOTOUHOIO KOIG-BOASHOIO

TENTOOOMEHHHKE HalPAXKACTCA  cJenyiomen  GopMy Iof:

] (12
B . —‘ — R
¢ : P wu__r\. Wﬁ (8 Qa1
VI, Wy [ kE Wy N S
I — exp| —=—— | =
‘5 Wy v W

rae k- TCKyUlee 3nAUERNe KoddmIMCHTa Ter.Ionepena‘ii.

KaxK nokazaao chneliHadnlic NPOBeIeHHOE WU/ 0BaHHe [57], ynpouexnroe
BhiDaeHHue € no popmy.ae (8.9) umeer TOUHOCTE, BROAHE LOCTATOUHYIO 4717 NPaK-
THYECKHX PAacyeroBs.

K2, HCCAELOBAHWE TERAOBBIX XAPAKTEPHCTHK CEKHHOHHLIX
BOAO-BOAAHDBIX NOAOTPEBATEJIEH

Mpu ucnoanzoranun ypasdenus (8.9) npeamolaraercs CTAOHJIBHOCTh 115
NAHHOTO MOLOTPEnaTelsl 3HAYSHHA Cro MapaMerpa @, BhpaxeHHOro hopmyoi
(8.6):

kT
P = —— (8.60)

Vw_i’- W -

PucoMuTpiiM QaxTophl, OT KOTOPHIX 3aBHUSIT NAPAMETD 0AOIPERaTeIs, Npe-
Hebl ero B3MEeHeHHA M OWHGKA B OUpeieneHun TCNI0BoH NPOH3BOLKTEIbHOCTH
nojorpesaTtean, ecay npumivarth @ nenamennsiv [15]. [as sroro npeobpasyem
(8.66), BbIpa3MR BXOAAILHE DB HErD BEJHUHHBL CJE1YIOMHM obpaszoM.

Koadpuument temaouepeiaun. Baarogapsa 60abINOR 1eNA0RDGBCAHOCTH Ja-
TYHHE. H3 KOTOPOil, KAK MPABHI0, H3FOTORIEHE TPyOKH TeNI0O0CMERKHKA, TePVH-
YECKHM CONDOTHBIEHHEM CTenKy TPYOKH B MepBOM NPHOTHKEHHE MOXKIIO npe-
nebpeysb. [Ipn 3ToM

|
B —— - (8.13)
mb‘ !' a'-
KoajxmnuestTol TeMA0OTAAUN €O CTOPOIIbI MEKTPYDHOIO NPOCTPAHCTBE Ty
B .
H ¢ cTopodbl tpyOOK &, —ET\ , MpH TYPOYJACHTHOM PeXHME
M-,

IR w8
bk § S T

Pemr '4\11' —Il'—’. v G A"I‘ a9 ' (8'14]
dl? 42" -

PI€ Wayre &y CKOPOCTH BOABL B MEKTPYGHOM NMPOCTPAHCTEE H B TPYOKAX, M/ C;
d,, d, -— IKBUBAJAESHTHAIN 1HAMETP MEXTpyOHOro mpocTpailCTBA H BHYTPEHHHM T
JthamMeTp TpyOOK. M!

el e N (8.15)

Dby - iy

.._' -

rae Dy, d, ~- COOTBETCTBEHHO BHYTPEHHMIE IMAMETp KOpilyca IOROrpeBaTes
W Hapy:Kubllt fHaMetp TpyOoK, M; # - GHCIO TPYOOK, A - koahPHLHEHT, 3a-
BICSIME OT CPEIHEl TEMITePATYpPhL KON B MEKTPYOHOM IPOCTPAHCTBE IR HTH

R TpvOkax [°F:
A-. 1410- 21fp 0,044 (1<v)2 (8.16)
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B,

Ko3(pUUHERT TeNJOOTAAYH CO CTOPOHBI MEXTPYGHOIO MPOCTPAHCTBA Gyr B
CBSI3H C JIOMOJHHTENbHOH TypOy/JH3alHeH MOTOKAa NPH nornepeuHoM OOTeKaHHH
Tpy6OK onpeaessica no gpopmy.ie (8.14) nesapucumo ot uucaa Re.
KosdxpulMeHT TeMI00TAaYH ¢ BHYTPeHHefi cTopoHml TpyGok Br/(M*- K)mpu
nepexoaHom pexume (2300 <C Re << 10 000) moxer 6uTh onpejaener no ocHo-
BAaHHON Ha KpHTEpHaJbHOM ypaBHeHHH M. A. MuxeeBa npuGanzkeHHo# dopmy.ie

&, - B Reg+ 10-%, (8.17)
rae
B -.366 —2,22(P .| 0,0061 (£’ (8.18)
[Tepexoanblit peXXuM B TpyOKax HMeEET MECTO NIPH CKOPOCTAX BOALI HHXKE yKa-
3dHHBIX!

Cpeanus Temuepartypa .
soab B TpyOkax fr, °C 20 30 40 a0 60 70 80

Ckopoerb Boabl B TPYG-
Kax w., Mfc Lo 0,725 0,370 0.470 0,400 0,340 0,300 0,260

CKopoCTH BOZbI B TpyOKax, menbiune 0,1 M/c, COOTBETCTBYIOLHE JAMHHAPHO-
My PeXHMY TedeHHs!, NPAKTHYECKH BCTPEYAIOTCS PeAKO. B OnHCaHHBIX HUMKE Olbl-
TAX OHH HE MMEJIH MEeCTd, MO3TOMY JTaMHHAPHBIH PEXHM TEYCHHS BOIABI B TPYOKaX

nojlorpeBaTeass He pPaccMaTPHBAJICH.
Ixeusarenmsi pacxodos menaoHocumered, B1/K,

W =-Gc - pfwe, (8.19)
rie @ — FJAOTHOCTb BOIBI, KI/M®; ¢ — TenoeMKocTb BOAs!, ¢ == 4190 JIx/(kr- K);

f — NJowaZb MPOXOAHOIO CeyYeHHs, M’
[Mosepxrocms nodoepesament, M,

F = ad,, nl = apd, nl, (8.20)
rae = dop/dy. [lpu cpennem gnamerpe Tpy6ok 15 MM H BHYTpeHHeM AHaMeTpe
14 MM p = 1,07; n — 4ucao Tpy6oK; / — CyMMapHas AJHHZ BCEX CEKUMH 010-

rpeBaTens, M. |
C yyeroM NpPHBEJEHHLIX 3HAYEHHIl BEJIMUHH, BXOAAMHX B dopmyay (8.60),

BbIpaXKeHHe /1A yAedbHOro napameTpa nojaorpesaTe]s tﬁy, 1/M, T. e. napamerpa,
OTHECEHHOrO K | M ero AJMHbI, HMEET CJEAVIOWHH BHI
MpH NEPEXONHOM PeXHMe TedeHHsi BOAbl B TPyOKaX MoforpenaTesst

¢y‘ ,_;:?_ s ) C - " ] (8.213}
{ufMT \)n's[dﬂ.? @y ( We ‘ID'S;_ vq 103 (wMT\}U'SJ
\ fr > Ans \©yr : Bd, Wy |
npu TypOyJIEHTHOM TEeYeHHH BOAbl B TpyOKax
P 2
¢~ - — — . (8.22a)
( e )n,sde’2 W, [ A, ( d, )0.2( Wy *)0.5 ) (wm )0,3J
fr g Ar | Aur \ dy , War # Wy
rie
C 4y s
- (8.23)

du(Cyn Cr Pur P ’
s Pur H Cp, Py — COOTBETCTBEHHO TEIJIOBMKOCTb H MJAOTHOCTH TElJIOHOCHTET s
B MeXTpy6HOM TIpocTpaHcTBe H B TpyOKax, Jx/(kr- K) u kr/M®; v -—- KnHematH-
geckasi BSI3KOCTb BoOAbl, M*/c.
M3 anaaM3a 3THX BbIPAXKEHHH MOXXHO YCTAHOBHTH B/MSHHE KOHCTPYKTHBHBIX
H DEeXHMHBIX (aKTOPOB Ha YIE/NbHBIH MapamMerp IOAOrpeBaTe/is.
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VieasHsil napaMeTp nOZOrpeBarTess ¢ uHMeThMu TPYOKAMH HE 3ABHCHT OF
ero abCOMIOTHEIX PA3MEPOR, A ONPCICIAETCS B OCHOBHOM JHIUL OTHOMICHKEM CE-
YEHHA MCKTPYOHOrO MPOCTPAHCTBA K CENEHHID TPYOOK (/ay/fr). FTa DETHUHHA,
KAK BHAHO H3 Talu1. 2.8, HAXOANTCA B AODOABHO Y3KOM unTepBane fy,/fr = 2,14 --
1,7. llosromy A1s BCEX THUOPA3MEPLE NOJOrpeBaTelell 3HaueHnd &, (npd
ONMHX H TEX e CKOPOCTHX 5 CPCHINX TeMNepaTypax Ten.(OHOCHTeNel) AGANKLI
6LITL MPHMCPHO OJHHAKOBLIMH.

Jlis OLEHKH BJAUMHUA CKOPOCTEH Ha Py GuLIH NPOHBHECHL] pacuerthl slade:
Ml VICABHOrO mapaMeTpa NpH CKOPoOCTAX 0GOHX Tendonocwredcii oT 0,1 ao
2,0 We. Pacuerw DpoH3BOLEAHCH MPH CTEAYINNX HCXOAHLIX JAHHBIX: dg
= 0,014 s €y o € o 4190 k/(kr- Kb cpeftne temnepaTypui Ten10HOCH

%M-l i w,n1-=5;,1 - _ ”
G16 @27 :::
43/ Se——— 03 (2510
! """ 'E:h""ri 1 / "
10 | ]/
408 ’ /;,// 20 | g1 |42
2,0wfc _ ¢

8,04

e w

¢ 62 8% 05 88 40 12 1% 46 Wyl

Pur. B3 PACUCTHLC JUAYLTIHST §0ARHONO MaPAMETPE  BCACUPEBATYTH TTIH
PATAMAILX CKOPOCTAS BOAR # 1pyBKAX we (WArpemaeMaw Ro1s, f,7 -
=30 °C) n vex TpYEHOM UPULCTPAHCTRE ©4,, (CPCIGLLAS BO/(A, [P wm 60 °C )

EVE
farifr— 100 dyp (v 106 14=14

re1en f;‘_l'. = B0 °C; fcr" e Y G [P S 983.2 krimt; p, = 9957 ki Ll =2
1.7: dyJd, = 1.4. Tpn svom dopmv.au (8.21a)  (8.22a) wmean caeayomni

RMHIL

L2088
" TN —. (8.216)
f],iH'w'Sf (ﬂ.l-l-f'ff-’g\! T} 25 -|= l‘wM T u'f}“"‘
.. e : (.226)
y 0.2 i g AV e s 303 -
Wil Iﬂfﬁﬁ{m lf.“-r]l [u-‘“{.-hl}

PesybTathi pacycToB. NpeIcTaBIeRHwe Ha prc. 8.3, NOKA3LBal, 4TO BE-
JHYHHA P, COXPAHSETCH JAOCTaTOMHO cTadHABHON, pasHoOd 0pH 1 B0 “C n
f» = 30 °C npumepno 0.13 /M npH cKOPOCTAX 0OGHX TCNAOIOCHTEEH, IIPERbI-

matoux 0,7 M/c. TIpn MerhIIHX 311a4eHHAX OAHOM M3 CKOPOCTEH HMEET MECTO
GGAbLUAN 3ARHCHMOCTE @y OT CKopocreil 0GOHX TEMIOHOCHTEAeR.

[IpopenerHBlil aHaliyz MOKasal 115], UTH PACYETHLIC XapaKTePHCTHKK £ -
=/ {W /W ) NpaKTHYECKH He 3aBHCHT OT TOTO, PACKOA KAKOID U3 TCIIOHOCHTE:
et 6OIbIe WAH MeHbine. Binsgnne TeMNepaTyp TelOHOCHTeeH Ha Py B/paKa-
CTCA B 3HAYEHHAX Kosbduunentorn A, v dy,, B popvyae {8.22a) n Ay, n B B
dopmyqe (8.21a).

R KOJHYECTSEHHON OLEHKH 3TOr0 DJIHAHHA Obli TPOU3BEACHEl PACHETH
suauenuft @, = [ (w,) 11 nomorpesaredy ¢ ABYMR CEKUHAMH IpH CKOPOCTH
BONE B MEKTPYGHOM HPOCTPAHCTBE @y, - | M/C H CKOPOCTAX BOLHL B TpyBKax
w, = 0,1 = 2,0 M/c. B oaHoM cayyae TPHHAMATACE HEH3MEHHOM CPeIsis TeM-
nepaTypa BOIe B MexTpyfiHoM npoctparcTee £ = 80 °C, a cpeiHHe TemIepaty-
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pbl BOZbi B TPYOKaX NPHHHMAJHCH Da3iHUHBIMH: [y = 20; 30; 40; 50°C
(puc. 8.4, a). B Apyrom cayyae npuHHAMAIach HeW3MeHHOH, pasHoit f7 == 30 °C,

Temneparypa BOIbI B TpyOKax, a cpeXHHE TEMIIEPATYPbl B MEXTPYOHOM NpPOCTPAk-
cTBE TIPHHUMAJIKCL pa3anunbiMi: £2P = 40: 60; 80; 100 °C (puc. 8.4, 6). Hcxonsn

13 pacyeTHblX 3yatre}mﬁ @, NpeicTaB/AEHHBX Ha pHC. 8.4, yCTAHOB/EHA 3dBH-
cHMOCTh Py, 1/M, OT cpeaHuX TeMmmepaTyp OOOMX TENJOHOCHTeMeH:
Py Dy(1 +0,00347) (14 0,008£5) (8.24)

rae @y — yjeqabHBIH Napamerp nojorpepare’s NpH Temnepatypax oGOHX Ten
aoHocHTeqel, pasHeix 0 °C.

€[ ®y 4 3]2 1 e[ Py :
: L1/
- . ¢y —— ¢H
0,8 012 "// 0681012 B
|
0790 H—T—7 0,7\-0,06 [
A 7 \
717 17 I : A/ \
. ¢ AEIPEIEENSS
55" gst L
g a4 06 12 wr,M/L g o4 48 12 w..m/e
5 | | L ] [ E—— L I L I L -
0 G2 0% 06 Wy/Ws 0 02 0% " 06 Wu/Ws
a

Puc. 8.4. BausgHue TEMUPATYPH TCHAOHOCHTEACH HA YAeabHbik MapamMeTp NOLOTPeBATETS
@, U ero He3PAIMEPHVIO YEJbHYIO TEINIOBYIO HATPY3KY &:

ADORDPIRGIL o & w0 % oo % @ 0 e S e U G e e e i iy i+ i
BV R s wsicssypeecsewaesas e sl 30 40 50
613 30 °Cu=const:
N KPHBOR « . - « 2 v v v v om v n e e e 2 J 4
BB BE v s em e B wwie aa  An 0 80 100
—ee o W W W/ W WoariWn= Wil

[pu ckopocTsy NGOHX TENIOHOCHTENRH Wy = Wy = | mf/c 3Hayenne Py =
0,1 1/M u Beipaxenwe gas Py, [/m, npuirumaer BHA. :

b, - 0,1(14-0,0035%) (1 0,0088°).

3aBucumocTs & oT W /W5 0pH pas/iMuHbIX TEMNEpaTypax TEMNJIOHOCHTE N H TaKxKe
npeacTaBieda Ha puc. 8.4.

Bhltie PaccMaTpHBA/IOCh H3OTHPOBAKHOE BJAHAHNE HA YACIbHLIH MapaMmerp
IOOrpeBaTest CKOPOCTeH 06ONX TenJoHocuTe el U HX TeMneparyp. B 1eiicTeu-
TeNLHOCTH NMPU H3MEHEHUH PACXOIOB TEN/JOHOCHTE el OAHOBPEMEHHO H3MEHAIOT:
csi M MX cpenune Temnepatyphl. JLaa oneHkH GakTHYECKHX 3HAYCHHH YA€JbHOrO
napameTpa NpH HepacueTHbIX pexuMax paGoThl nojorpeparedein OblIH obpabo-
TdHBl pe3y/bTaThl NpoBefeHHBIX panee BO BTH TenyioBbix MeneITaHui CeKUHOH-
HBIX BOZO-BOASIHBIX mojorpesareneii [49). DTy uenbiTanus NPOBOAHIHUCH B CBA3H
C yCOBEpIIeHCTBOBAHHEM KOHCTPYKUNH MOJOrpepaTe/iell H OXBATBIBA/IM NOLOTpe-
paTenH ¢ anameTpom kopryca ot 100 1o 300 My, T. €. NpakTAUecku Bce Haubonee
pacnpocTpaneHHbie THIopa3mephl. HcnbiTeiBaniCk HOBbIE NOAOrPCBATENH C 4H-
CTRIMH TPYOKAMH C YHCJAOM CEKLHi OT OJHOH A0 MATH NpH JIHHe cekuud 4 M.
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Ipeiomas Boda NpoTekana B MeKTPyGHOM npocTpaucise, i HATDEBAEM A
(rononposoaRas) — B TpyBGRax. :

CKOpPOCTH TPerIesi Bsayibl B ONWTaX cocTaadau or 1,1 10 1,6 m/e. Temnepaty-
pa_rPemumﬁ BOJLI 114 BXORE B NUOTPeBATe b B DO/IbIHHCTEC ONLITOD COCTABMA A
100 °C, B otaeabumx onmrax 70 °C.

CKOpOCTH RArDEBAeMoll BOLN K ONLITAX cocTaBiwTh oT 0.2 Mic go 1,75 M/e,
a ee TeMuepaTypst Ha BXoic b mogorpesareh 3- 20 “C. B orgesnHniX onprax
aTH TeMIepaTypu cocTapiau 35—60 °C.

[lo pesyabraran WenTamuit OblI OHpPEleeilsl 3HAEHKY YASILHOIO napa-
MeTpa nolorpesaress @ u ero GeapasMepHoi YACTLHOH TENJOBON HATPY3KH b.

Beaynsuua @, onpcacnsaack No (hopMyae

F : "
i, o . L | {8.25)
l -l.f{w’}!'l' 1'!"""T )

rne kg — MOJYSCIHOe M3 OIbros sHadende  KosphuimenTa TenIonepelaun;
F . nopepxHocTh noporpesateds; ! —- cymMaphan NJHHZ BCEX CeKIHIT Toao-
rpesatens; W, B W, —- 9KBURANCHTLI Pacxoios TEIIOHOCHTENEN, NPoTeRaw-
LIHX B MEXTPYGHOM npoctpalictse (Tperiias Boga) B B TpyDKax (HarperacMan
BONA).

Beagpudia & onpenctiaiach H3 OlbIToR 10 topmy.ie

e QIVW (8.26)

rie Q — renaopast garpyska noaorpenarens. M3 onmron onpeaedsaucs ABa
siaverid Q (10 rHeolcl H Narperemoi BOIC), OTAHUABLUHECH WXy CO00H He
Gonec ueM 1ia & % npw nenwrannax na crenze BTH e 10 % npy Henwitanuax
Ea TenJoRr0l nozctanitin. - [Ips onpefcicHull € NPHEEMAAOCH cpeauee JHade-
Hue . ;

ONuITHEE 2HAMeI s ¢ CONOCTABARAMCH ¢ PAcHETION XapakTepHCTHROK 10
dopuy.ie (8.9}, B korepoi ¢ - - @Y [ — cpeiec #3 ONLITOB SHATEHHE ADAMETDA
NOJOrPEBATCAN .

TLost KamAOrG NOACTDEBATE Y OblAN HOCTPOEHE CALIFIOWHE IPaQBKH, HMEK-
HHE B, HA00pKeHHLIR 1a puc. 8.5° aHaucHHA KOIMPHUHEHTOR TeILTORCPCIa:
UK M VISILHOTO HaPAMETDH NG/0rpenaTeilst NPH CKOPOCTAX rpeionieit H HArpepae-
MO BOABI, UMERLIEX MECTO DNV IPOBEACHHE ONLITOB, 34BHUHMOCTH ¥ACALIIOTO
Aapamerpa noforpesares P, OT CKOPOCTH BUjh K TPYOKAX W NPH PAS/IHMHBIX
CKOPOUTHX BOLDI [ MEKTPYOHOM NPOCTPANCTDE Wy Ha smux e rpadrkax rnane-
celill PacyeTHsle dHAURHHA Py, 1IOCTPOERHHBIE 1O (POPMY.LAM (8.224) n (8.21a)
A MEHEMAILHOIO M MAKCHMANBHOTO SHAYENTHH 0y, CPETHHX ONLITHEIX 3HAUE-
nHit 50 W L0 1 ARTHUCCKHX IHAYEHHA reOMCTPHYSCKUX PAasMEePUB MCIIbITEIBAB-
WEerocst 1uL0IPERATE s, 3aBHCHMOUTD (e3pasMepuoH VAEJNbHOK TENJI0BOH Ha-
FPY3KH HOZOTPEBATENs & (1 OTHOBICIIHR 3KBHBAJACHTOR PacXolos QBOUX TET.10-
HockTedefi, Ha 3T0M JKe TIpauKe HAMECCHL! DPAaCURTHbIE XdAKTEPHCTHRR
£ = f{(Wy/Wg) Opy MHEHMAALHOM H MAKCHMAJIBHOM ¢, IMEBIIHX MECTO B Olibi-
TAX, 4 TAKXKE MPH CPEiNeM 3Haderuy Py, NpH KOTOPOM DACHETHAH XapaKTepH-
cTHRa waudoqaee GJH3KA K DEIYALTATAM  OHBITOR.

Tlo CPeminM OMEITHEM 2EANEHRARM Py, a TakKe TeMIepaTy] rpCouled H na-
rpesaeMoll Boun 5D W ISP ONpeleTn.icH YA€/IBHDIA napaMeTp, MPHBE/EH HbI

K TeMueparypam ofioux Tenackocwrteaed, pasibiv O °C, no gpopMyae

Dy = - --Qﬁ_’ . (8.27)
[1--0,003037) { 1-+-0.,008(7 )
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Puc. 85. PeavabTaTel HCObITAHWI NOLOFPEBA TR (anamerp kopnyca 0D mm, war TPYOOK

21 MM, nosepxHocTb Harpesa 358 m?

o — kospPuumedT  tengouepegzann ke, Br/(m?K) (B uncautesne) « yaensuwi mnapamerp Py, m—
(B 3HAMEBHATENS), wwmT, Wr— CKODOCTH rpeiowell u sHarpesaeMoR BOABI, (O-=YAERIBHBIE MMepaMETPL! Nojpo-
rpesaTeNs: —- - - -+ pacuetHbie 3daucHuA npE wr=0,17 wmfc; Tep=6Y% °C; {fep=13 °C; —— -~ pace-
YCTHBE 3HaVeHHA npH Wwr=1.58 Mm/c; Tep=92 *C; fep=32 °C; 8 — foapasMepHas VIeJbHAA TenaAopaa la-

rpYaKa  NOMOVDeBATENR
Venopinie w . Yeaoeuee Wyr oc
- MT” : do @ - 4 + °C v
{Jﬁoﬂa;:'ze ot Tep c ep Cc oﬁo;::qe pie Tep ’C‘p 'C
0,17 67,1--71,3 10--16,4 [ ] 1,07 86,3—91.,0 24,7—33,5
- 0,32 74,7-79,7 13.8-—22,2 ¥ 1,35 B8,0-93 3 29,235
0,5 78,5—-85,6 18,5—26,7 [ ] 1,68 90,3—93.4 20,1—-34
0 0,68 R3.7—8&4 23,6—26.9
'y 0,84 Bl—87.6 { 21,4-29.6 | Cpegnne - 83,8 24 .6
3HaAYeHUR

PesynbTaThl MCTBITAHWE ROmOrpeBaTesIel pas/MUHBIX THIIODA3MEPOB NOKa-
3a/1H, uTO pacyeTHas Oe3pa3MepHasi XapaKTePHCTHKA MOAOTpeBaTe s MPH HEH3-
MEHHOM 3HAYeHHH yAEJIBHOrO napaMeTpa XOpollO ONHCHIBAET Pe3y b TaThl HCNKITA-
HHA NPy BCEX 3HAYEHHAX CKOPOCTEH OODOHX TeNJIOHOCHTENed. '

Hauboasiuue OTKJIOHEHHSI aKTHUECKHUX (OMBITHLIX) 3HAYEHHH €4 OT pacyer-
HbIX ¢, [PH CpelHeM 3HaueHHH Py coctabasior 57 %.

Pe3ysibTaThl HCNBITAHME MOATBEPAH/H 3aBHCHMOCTb (8.24) yaeabHoro napa-
MeTpa NOAOrpeBaTessl OT CPeAHEH TeMNepaTypsl TeNJOHOCHTEeReH.

Kaxk crenyer u3 ¢opmya (8.21a) u (8.22a), npu HeH3MEHHBLIX TeMilepaTypax
TEMJIOHOCHTEMEH 1 UX CKOPOCTAX YACABHLIA Mapamerp noJorpesarens onpenes-
ercsi B OCHOBHOM BeJTHUMHON (fy./fr) 705,

3asucumocte Py 0T [yu./fr YAOBIETBOPHTENLHO ONMHKCHIBaeTCs Gopmysoi

; == 0,14 (fmr‘f'r)_.ﬂ'ﬁ- (828)

3HaueHnd fy./f; HaxoaATcA B yskom juanasone (1,7-2,05), nostemy MOXKHO
PH HUMATh 3HaueHHe @y == 0,1 1/m.

Taxnm ob6pa3om, yaedbHbIH napamerp BOAO-BOAAHBIX CEKIHMOHHBIX Noporpe-
BaTeneili MoxeT OwiTh Ompexeses no NPUOIMXKEHHOH copMmyse

D = 0,149 (Fyp /)06 (1 + 0,003£:5) (1 5-0,008157}, (8.29)

rae ¢ — KO(bHLHEHT, YUHUTHIBAOLUIHH BJAHSHHE 3arPA3HEHHS ITOBEPXHOCTH Ha-
rpesa 110J0rpeBaTessi, ¢ MOXKHO NpHHHMaTh B cpeanem 0,75—0,85.
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8.3. HCCJIEAOBAHHE TENJIOBbIX XAPAKTEPHCTHK THIACTHHYATHIX
TENJAOQOGMEHHHKODB

B naacruHuarhiX TeNIOOOMENIAKAX MOTYT OCYVIUECTBANTLC CHMMETPHUYHEs
KOMNOHOBKA MaKeTOB NJIACTHH, HPH KOTOPGH i TeNJOOOMEHHHKE HMEeT MCCTO
TONRKO MPOTHBOTOYEOC JBHIKEIIHE TEMLICHOCHTEACH, H IeCHMMETPHYHAS KOMITO-
HOBKA, NPH KOTOPOf B TENNOOCMEHHUKE HMEOT MECTO WACTHUHO TPOTHEOTOK H
YACTHYHO napasacaniaui Tok. B ocreremax TenmocHabrennst nanGoaee ueseco-
o0pa3HO IPHMeHEHHE CHMMETPHUHON KOMNOROBKYK. [ToaTomy Huxe Gyaem pacema-
TPHHEATh TOJILKO MPOTHBOTOMIIOE ABHIKEHHE TEMJIOHGCHTeneH. 3a1aya CBOAHTEA K
ONPEIENEHNIO A% ILIACTHRYATHX TEMJOOOMCHHHKOB BCJIHYHHLI P NoO QopMy.se
(8.6). oucHKke AHATA3CHa M3MEHEHHA 3TOH BEAMYHHBI iIPH H3MEHEHHH CKOPOUTEH
H TeMmepaTyp oboux TenJOROCHTeICH H TOrPCIIHOCTH B ONPeACTeI Y €, a CIelo-
BATEIbLIO, K TENAOBO NPOH2BOAHTEIbHOCTH ANIIAPATA TDH (PHKCHPOBAHHONM CHOA-
HeM BHAYEHMM NapaMmcTpa @. .

KoadpuilieHT Tennonepelaul AACTHHYATOIO TeNACOOMCHHUKA MOMCT OLITD
ONpELEIel PACYCTHLIM JIYTEM MO MeTOIHKe ¥ KPHHUXHMMAUI, COMJIacHOo KOTOPOR
KOYODUIHERTH! TELACUTAAYA tpH Ty POYIeHTHOM TCUCHHH MHAKOCTH B Kanane
MENJIY  IJacTHHAMH ONpeLesnoTes 13 (hopMY.Ibl

Nu  ARe®%73 Pro.43 (Pr/Pr, }0.28, (8.30)

KosdpduuaeHT A paziuuen 148 NAacTHH PasaHylULIX THnos: [L1si Hanboee
PACUPOCTPAHEHHSIX THTNIOD NAACTHH A COCTABINET: A1 NAACTHHET TORCPXHOCTLIO
marpesa 0.3 »* - 0,1; 0,5 w* ~ 0,135; 0.6 m® -~ 0,135. OxorBaTCHTHEIT QHa-
merp d,, K KOTopoMy otnocsTes mncaa Nu g Re, couranisior A4s nJacTHH yKa-
3AHHBIX THNUB coorreTeTseHHEO 0,008, 0,009, 0,0083 m. C yuerom (8.30) ypasuenne
18 KO3DPUIBERTE TENLIONepefdyn 1AACTHHYATOTO TEeMNTJOO0BMCHINKE HMEeeT BHI

I i
R —= 0,43 10,97 TTha o8 40.07 . 820
11?_-J Lo ? d':“ I ﬁrw V'-)-I ”2” ‘ da

L 2L T o
A, u:?" # e Adg

rne v, & M -— KHHeMATHUECK:#sl B3KOCTh, TCMARDATYDONDOBOAHOCTL, TEM.IO-
NPOBOAROCTb TENJOHOCHTEACH; @ -~ CKOPOCTb TefliIoHocHTeas B xawade. Ha-
neke 1 W 2 OTHOCSTCH K NEPBHYHOMY W BTOPUYHOMY TCILIOKOCHTENRM; Ogr.
Ay TOJUIHHA ILIACTHABI H €€ TeNLTOIPOBOAHOCTh. B oTamINe 0T KOKYXOTPYO-
HRX TCILIOOOMEHITHKOR € AATYHHWMA TPYOKaMy, rie TEPMHYECKHM CONMpOTHR.Ie:
HueM Tpyfox mMOaHO npenedpedb, B MIACTHHUATHIX TELI0COMEHHHKAX H3-34
JHAYHTEALIIO MEHDLIern A JL1s cragH 3Hadenne 8/A COMIMEPHMO ¢ BEAHUHHAMH
1/ex.
[TOBePXROCTL HArpeRd TenaoobMelnnyka

FF'in. 2), | (8.32)

rae F' - - Tenamiepeaauias MNOBEPXHOCTE OAHON [LHACTHHbB, R~ YHCAO Nja-
CTHH B annapare. ]
Qbiiee MHESO KAHAJI0B B alllapaTe Ha eIHHHNY MEHhule Ypneaa wnactud. llo-
STOMY HDH [HEYeTHOM YHCAE [1acTHH O0WICe YHCIC Kalla10B YeTHoe U o064 Teio-
HOCHTEAA MMEKT OIMHAKOBOS YHCIO KaHAI0B. B UpOTHBHOM Ciydac YHCIO Kata-
710B GIHOIO TEMAOHOCHTETH HA e/ MHuLy Goabwe, 4em apyroro. [Ipr oferno npH-
MEHSEMbIX AlNAPATAX ¢ YHCJAOM MVIACTHH, HBMEPHEMbIM JECATKAMH, yKasaHHOe
Da3JHUHE B YHCJE KAHANOR MOKCT HE YYHTBIBATHCS, H WHCIO KAHAJOB KAKIOTO
TEUAOHOCH e OTTpeIeasiercst o dopmyae (1 — 1)/2. 3xsuBanenTnl pacxolon
TenJoHcCHTeNeH
w L2l (8.33)
2y
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]

rjge / — ceuenue KaHana; X -— YHCJIO XOROB TEMVIOROCHTENS; p, ¢ ~— MJIOTHOCTH
H TEMJOEMKOCTb TeIlJJOHOCHTe/ el .

[loncrasasia 3uavenusi &, F, W u3 (8.31)—(8.33) B BulpaxeHue napamerpa
(8.6), noayuaem nast CHMMETPHYHOrO (MMeIOILero OIMHAKOBOE YHCJIO XOJN0B 060-
HX TCMJIOHOCHTe/el) TenJa000MeHHHKA:

B o i (8.34)

B] Bz 2
— L B3 | e w?. 5,5
(;D]l.‘.n : wl, 73 1 2

rac ;
P=2FIf; (8.35)
B, - a3 27 v+ 3 (py pa Cz)"'“. (8.36)
Ad, Pr9.43
B, anajoruyuo B; JJ9 BTOPHYHOIO TEMNJIOHOCHTE/S
By = } (01 p201€2)" (8.37)
*CT

Takum o6pa3oM, mapaMeTp NJACTHHYATOro TENJ0OOMCHHHKA HE 3aBHCHT OT

- pasMepa NOBEepXHOCTH, OH MPOINOPUHOHANEH Yneay XoAoB. [To3TOMy MOXHO BBe-

CTH NMOHsATHE YJAeJBHOIO rapamerpa nJjacTHH4YaToro Tenaoo0MEHHHKA, T. €. napa-
MeTpa, OTHECEHHOI'o K OAHOMY XO04y,

D, =P/x. (8.38)

Kosdbduuuentsr P u 5 3aBHCAT B OCHOBHOM OT FeOMETDHYECKHX XapaKTepH-
CTHK anmaparta M ot Ten/10pH3H4ecKHMX CBORCTB TEIIOHOCHTEe/eH. ['eomeTpHyeckue
XapaKTEePHCTHKH annapaTta ¢ 3aJaHHBIM THIIOM IJIaCTHHBI ABJSAIOTCHA MMOCTOAHHBI-
MH.

Tennodusnyeckie CBOHCTBA BOABI B Ten/JooOMeHHHKe MeHsioTes Maao. Ilo-
3TOMY NApaMerTp 3aBHCHT B OCHOBHOM OT 3HauYeHH$ CKopocTeit 000HX TENJOHOCH-
renedt. Jlisi OLEHKH 3TOM 3aBHCHMOCTH ObLIM NMPOBEJEHBE pacyeTbl 3HaYeHHi P
no dpopmyaam (8.34) u (8.38) nus Tenn1006MeHHHKOB ¢ nuacriHamu 0,3 u 0,6 M®
noBepXHOCThIO cooTBercTBeHHO 20 H 110 ™%

Pacyersl NnpoBOAMAHCEL TIPH OOBIMHO NPHMEHSEMBIX B STHX anmapaTax CKOpo-
crsix or 0,2 no 0,8 M/c npn cpefHHX TeMneparypax TenJoHOCHTe el oT 25 10
125 °C. Pacuerst npoBoanJKcs Ha IBM no cneunansHo paspaboTaHHOM nporpam-
Me. PesyabraTel pacueroB AJs OjHOXoxoBoro TemjiooGMenHnka TITP-0,3-20
npuBejeHbl Ha puc. 8.6,

Kak Buano u3 puc. 8.6, @ 3HaveHus Py A9 pacCMaTTPHBAEMBIX CKOPOCTEit
Haxoxsres B auanasone 0,8—1,3. CorstacHo meroanke Y KpHHHXHMMALLA pacyer
I0OBEPXHOCTH MAaCTHHYATHIX TEMVIOOOMEHHHKOB H CXEM HX KOMIIOHOBKH ITPOH3BO-
JHTCH Ha OCHOBaHHH TaK Ha3bIBAeMOH «pPalHOHAJIBLHOMN» CKOPOCTH TENJOHOCHTe-
Jiell, onpejensieMoi B OCHOBHOM JLOMYyCTHMOIl NIOTepeH Hanopa KaX10ro Temn/oHo-
cutesig B annapare. [Iposenennsie 80 BTH no s1oii MeToauKe MHOrOUHCAEHHbIE
pacyeThl MMJIaCTHHYATLIX TeMJI00OMEeHHHKOB AJisi YCJIOBHH, BCTPEUAIOUHXCA B CH-
CTeMaX Tenv1ocHabxkeHHs, 10Ka3a/H, YTO PallHOHA/IbHBIE CKOPOCTH TEMIOHOCHTE:-
nef 6;u3kH K 0,5 M/c. 3uavenue @ JIpH STHX CKOPOCTAX H CPEIHEH Temneparype
TENJTOHOCHTE/ICH Ha BXOJE B annapaT 50 °C paso I,0.

Ha puc. 8.6, 6 nokazaHo CONOCTaBJEHHE TEMNOBOH NPOH3BOAUTENLHOCTH pac-
CMATPHUBAEMOI'O MJIaCTHHUYATOrO Tenaoo6MeHHuKa mo dopmyse (8.6) npu 3Haye-
HHSIX €, OMPeLeJeHHBIX IO TOUHON 3KCMOHeHUnaabHo# dopmyae (8.9a) u no npu-
GanxeHHOH dopmy.ae (8.9) npu HeM3MEHHOM 3HauveHuH napamerpa @ = 1. Kak
caeayer u3 pHce. 8.6, 6, MaKCHMa/IbHBIE PACXO0XKIACHUS B ONPEACIEHHH TEeNJIOBOH
[P OU3IBOAKTENHHOCTH, UMEIOIIHEe MECTO NPH KpaHHUX A5 NPHHATOrO AHAanasoHa
sHavenusx ckopocredt 0,2 u 0,8 m/c, He npeeuiwator 10 %.
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[lporenenHnle pacyersl 3HAYeHHS YASTLHOIO fapaMeTpa MOAOrpeBaTensd NPH
APYIHX CPENHHUX TEMNIEPATYPAX TEIOHOCHTENER HA RXOLe B annapart (B 1Hanalo-
He 26—125 °C) no3soaHIE ONPeNenTh ClelYICIYIO 3aBHCHMOCTE Py OT fep AR
annaparos ¢ naactuHamy Tthna 0,3 w 0,6:

®, - 0,75 | 0,005, (8.39)

[TpusejiedHBe BHIIC PACYCTHRIC 3HAYCHHA napaMerpa OLLIH COMOCTaBNens: ¢
DEIYILTATAMH 3KCIEDHMEHTAIBHBIX HCCJAELOBAHU{ IVIACTEHUYATHIX TeNI000Men-
HHKOB ¢ TaactiHamy THos 0,3 i (0,6, vcTaHOBAGINLIX H IKCILTyaTHPYEeMbIX Ha
I'TIT. MenuTHBAIHCE CABLYIOLLEE TEMLAOOOMEHH UK ¢ naacTysamu (0,31 oJlHOXo10-
804 TENNOOOMEINTHK ¢ NOBEPXHOCTLIO 20 M”, yCTalOBNeHHE! B KayecTBe 3TOpOH
CTYMEHM Hoporpesaress ropyyero sojpochatxenus va I'TIT Br. Xapnkose, n
TPCXXOLOBLIE TENA000MEHHHKH ITOBEPXHOCTRIO HArpeBa 25 M%, yCTAHOB/IEHHEIE B
KA4eCTse UQAOrpeRaTeNel OTORJIeHus o ropadero Bojocuabikeuns na I'TID B
r. Mockpe. HenpiTuieaBiguitcs Ha ['TIT B r. Xapoxose Teliio00OMeHHUK € 11/14C-
THHaMKH 0,6 umeT nosepxHOCTh 25 M* 11 OBLT ONHOXOLOBLIM.

Ell-;cnepHMeHra.nhume FHAMEHHA MApaMeTpa VKa3dHHhIX TENINOOMEHHHKORB Ol -
peflenaanct no popmyde {(8.66) npAa ONBITHRIX 3HAYEHHAX PACXOA0B H KOI(OHHIA-
EHTOB TeNJIOIepesauy.

Ha pue. 8.7, a niia TenhoobMeHEHKOB ¢ niacranaMa 0,3 npeacTaniednl IKC-
MepHMeHTANbHbIE 3HAUeHHS Py, a4 Takxke pacuerssie @, 0o dopmynav (8.34),
(8.38) u {8.39) mpn {.p = S0 °C, cooTnercThyiOWER YCAOBHAM HCNBLITANKH OXHO.

y ; 1T 7T
13 N
7.2 1
A pepe o
P
%0 TN, 10y, j—z;_
48 1 T— :
@a O - — s -
a7
a0 40 s 80 M ..-!?IG 90 | a:f,'r/ql
1 L L
ug a4 ) g5 0,8 47 w,,M/c
T
q P
vAT| TRuafy [ L.-"'""
Zar ' L4
2,6k 22 - l - }
4 WSS AR S
ol =
.2,2 - { E . =
01 16
48 Prc. 86.  Pacuernrie
1.5 W ARANPHHA  YJIBThROTO
2 4 napaMmerpa Py u Ten-
: ” -1 - JOROM MPOWIROAH-
B - " [ T e T TeAbHOCTE (@ naacTHw-
W ag =1 naTore  Temton6MeH-
’ 34
a8r a5kt nuka TI1IP-0,3-20 C. 53
il o4 TIPH PATHUILIX CROPO-
&4 l CTHX TEMAORNCHTE-
g2 ' Jeh.
37 4;9 &'&J 50 70 &Lo s 5,,7/-4! =75 °C: #95 5C;
a3 a% 45 aF 57 wyMmfe My SHa‘ie;:mIl"l’I‘;}};;f;:I;:
d:) . Py, = —— — oo cped-
HEMYV ASHAYMCUHE NapaRMOT-
pa Py=10
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Puc. 8.7. PacueTHule W ONBITHBIE 3HAYCHHSN VACJAbHOID napaMerpa Py MIACTHHYATHIX TENJO-

OGMCHHUKOB!
34, . 34
a--i, O —TNOP-0,3—20 Cx qTg'r"'(:iﬂ C; /=36 "C; wy=0,6 mjc; 2, [1—TMNP-03.-20 Cx 35 /=68 °C:
F=36 °C; wy,=044 wm/c; 3. & —TNIP-03-25 Cxi'—-—m: T=78 °C; 1'=46,6 “C; wy=031 mjc; 0 —
i 14+ 14415
TIP-0.6—25 C"ﬁ"ﬁ; T'=68 °C: #=32°C: I, O — wy,=0439 wic; 2, 0 — w;=0,329 mjc: 3. A - Wy=
=0,219 m/c

XO0/I0BOTO TEII00OMEHHHKA, | IIPH f, = 63 °C, cooTBeTCTBYIOMIEH YCIOBHAM HC-
METAHHH TPEeXXONOBhIX TenJ000MEHHHKOB.

Ha puc. 8.7, 6 npoBeneHo aHaNOrH4YHO® COMOCTABJICHHE 151 TENAOOCMEHHU-
Ka ¢ naactunHamu tHna 0,6.

Kax Busuo u3 puc. 8.7, pacyerssie €y no dopmy.te (8.38) nocratouno 6aH3KH
K ONKITHLIM 3HAYEHHAM. 4 CpeiHee 3HAUeHue P, 1o popmyJie (8.39) oriinyaercs
OT ONLITHEIX He Gosee uem Ha 20 %.

Kak caexyer ua popmy.sl (8.9), Teniopasi NPOM3BOAHTEIbHOCTE TEMJI00OMEH-
HHKa npu 3afaHEbiX W u V onpenensiercs e. Ha puc. 8.8 s3kcnepuMeHTa bHbE
g, OTpenenentLe U3 hopMyanl (8.26), conocrapseHbl ¢ pacYeTHBIMH 110 hopmye
(8.9) mpu cperunx smavexHsix P, ompeneseHHHX no popmyse (8.39). Pacxoxae-
HHSt MEXY PACYETHBIMH H ONBITHBIMH &, & CA€10BATEIbHO, ¥ TENJNOBBIMH NPOH3-
BOIMTE/NILHOCTAMH annapara He npesbitalor 12 %, 4T0 JIEXKHT B npejgenax Toy-
HOCTH HCXOZHBIX HaHHBIX H JONYCTHMO 51 MPAKTHYSCKHX Pacyeros.

NMpumep 8.1. [as uaT0CTPpallMH NPHBEIEM NPHMED pacyera TenVIoBOl NPOHSBOAHTENS-
HOCTH IJIACTHHYATOrO TeHJoo6MEHKHKA € NOMOWbIO YPaZBHEHHA XapaKTepHCTHKH.

3aazu TensooGMenHnK ¢ Tlacthiamu 0,3, NoBcpXHocThio Harpesa 50 M*, cxema KoMmimo-
HOBKH — aBYyXxofopas. Pacxog rpeiouieit soar 70 1/u, ee TeMRepaTypa Ha BXoje Ty =

&
)
Prc. 8.8. Pacuetnbie H ONoITHHE 3HAYEKHA 49 4 ~
GeapasMepHo#t yiaeapHo#l TennoBoH HarpyakH N {2 13 it
naacTHHUATHIX Tennoobmennnkos TIIP-0,3—20 g4 < / [
. 34 . C14-F 14414 -
(.xﬁ. THP‘O,S_QD Cx 15;14_'4_._]4 . THP- 07 4 '/
- <
0,6—25 Cy 55 : *
x 22 )
34 Gé& P~
f, O—gas TITP-0,3—20 C::g-s-'. T'=68°C; {'=36°C; X
2, O=-pas  TIP-0,3—-25 Cx }_f;,l_'__l__‘ij_ji , T=G68 °C; 45 X
15+14414

21
#=36°C;, 3. & — mnm THP-0.6—25 ng—; = 74

q
=68 °C; 1'+=32,6 °C : G2 03 0% G5 06 47 G6 Wy /Wg
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= 100 °C; pacxoa rarpesacMoit o 100 /4, ce TeMnepatypa #; == 40 °C. Tpebyercs onpe-
[eAUTh TETJIOBYIO [IPOKIBORUTCALNOCTh TCNJOCOMEHHHKA MPH ITHX YCAOBHAX,

Cpennsig TEMIEPETY PR TeMICHOCHTeACH Ha BXOJe D annapatfep == (1, + £)/2 = (100 4-
-+ 40)/2 = 70 "C.

Yaeabuolli napametp no dopmyse (8.39) @, — 0,75 + 0,005-70 = 1,10.

Mapamerp no gopmyne (8.38) & — Pyx — 1,142 = 2,20,

3uavenue e ue gupmyac (8.9)

1 [

&= _' — . =0,784.
W o ]/u.’fm 70 1 70
‘35___ 0,6 e e B s 'ﬂ"_:__ —
L R ve CPtOYTIRV iw

Tenzopan NpoMABOAKTENbHOCTD anmnapata ne Qopmyae (8.28)
O = VW & = (100 —40)) . 70-10-3-0,784 . 1,163 == 3,83 MBr.
Adns cpasBenusi GWT MpoBeAeH pacyer OespasmepHull yaeaLHol TCOAOBOH HArpy3Ka

TeMI006MEeHHHRA € IO TOYHOH (l}tl:}may.'xe (8.9a). KosQdaunenr Tensonepeiayy AN yCIoRu i
Aannore nprumepa £ = 4080 Br/{m®. K); '

rIOBOaSﬂAU.GG(!__ 30-10‘)

| —ep 70104 1D0- 109
o 4080.50.0.86 ( __70.10° =0,780,
70.108 T T 7o 108 [ ""'"**—mn.m,)
ey Se——
160 10%

Tennosasi TPOMSBOLHTEILHOCTh alnapata no dopmyde (8.3)
Q= (100 —40).70-10—3.0,789- 1,163 - 3,85 MBr.

TakuM 06pasoOM, pacueT yaeabHoro NapaMerpa no mpuGuixenHol ¢opumyie (8.39)
NPHBOAAT LTS PACCMOTPERHOTO NPHMEPa K OwHOKe B onpefeernn TeNnA0R0E NPOH3BOAN-
reqapnocts annapata (0,8 %), yTo CBEACTCALCIDYET O AOCTATOMHOHR TOUHOCTH PaCUeTd ilia:
CTHNYATHX TenJonGMeHHHXOB 1O fIpHOCAWKCIHOMY YDaBHERHI? XAaPAKTEPHCTHKH,

84, HCCNENOBAHUE TEMJOBBIX XAPAKTEPHCTHK CHCTEM OTONJNEHHA

P4cyerHnifi 1apaMer) OTONMHTENbHOR CHCTEME
qbo‘p.—_-Q;fAt’, (8.40)

Vpapnenne Ge3pasmepHOK YAEILHON TEMJIOBOR HATPYSKH OTGNHTENLHOH CH-
crembl (8.11) MOXKEO NPEACTABHTL B CNENYILEM BHIE.

g, = o - - W, (Toy ~=Tea) I Gt ! . 2 1 (8.41)
FWD WD (TOL—IB] Toy - rn G,F}-i—ﬁ e %:D
' l+u ¢o 3'2

dakTHReCKOe 3HAYEIIHE TIAPAMETPa OTONMTEILHOH CHCTEMBI MOMKET OhiTh
Onpesese’Ho no pesyaptrataMm HCMLITAHKA K3 Baipaxenua (8.8):
IO AR - . (8.42)
go.2 Adcp 53‘” 1 '

o

Taa-—T
me Qy = W, (tgy —~ Toa) ¥ Alep = —“f‘—é—r—‘!ﬁ -~ 1y OMPENENIIOTCH NO Pe3y.b-

TaTaM HEMOCPEICTBEHHBIX H3MEPEHHH.
Ilpw stoM paipamenne gas o (8.12) npuramaer BUI

: 0.2
m -——¢o QD et QU - L] ] . ; (8-43}
W, Afep Wy Aoy _
Hcenenopanug XapaKTEPHCTHKH OTONKTEBHOK CUCTEMEl NMpPH [ePpEeMEeRHBIX
PEXHMAX TPOH3IBOJHJIHCE B OTAETbHO CTOALICM TPEX3TAXHOM 3/1AHUH. CuereMa
OTONJIEHHA — ABYXTpyOHas ¢ BepXieil pa3ponkoil. [TOREPXHOCTL OTOMRTENbHbIX:
npu6opeB, BKAIOYAs [OBEPXHOCTh PASBOAHIIHX TPYOONPOBOAOB, 173 M®. Pacyer-
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Pacxod 6odst Ha omonnesué,T/4

Puc. 8.9, PeuMpl paGoThl CHCTEMB OTOMICHAS NPH NePEMEHHHX PACXOAAX CeTeBOll BONH:
1, 2, 3 — COOTBETCTBCHHO To;, Tos Tos: 4 — Qo

HbIH PACXOJ TENJIOTE! Ha oTonenHe 62 kBT (53 500 kkaja/u). Pacuernpi nepenaj
TEMTIEpATyp B MeCTHOH cHeTeme 95—70 “C. Kosdduuient Tensonepenaun pana-

- TOPOB IIDH PACHETHBIX YCJIOBHAX cocTaBaster k' = 7.8 Br/(m*- K) 16,7 xkaa/

(v*-q-°C)l. Tpunuvasn ¢ onpereseHHbIM IONylUEHHEM TaKoOil ke KO3(hHLHenT

TenJonepefayl H JA4sl pasBoOARUMX TPyOGONPOBOAOB, OJYUMM JJI5 BCeil OTONMH-

TEJABbHONH CHCTEMBbI 3Haqem1el_r.b0 = Rf* = 7,8 (173) = 1,35 kB1/K [1160 kkan/

(¢-°C)]. [lpu stom o == %9-] o'? uau (Iu]_l_ho Q“-‘z) C yueToMm passofsiux Tpy-
0 0 .

GONpOBO0B pacyeTHas! TeMJIONPOH3BOAHTENbHOCTL OTONUTEIbHOMN CHCTEMB] Qo =

= 1,35:-64,5 = 87 kBt (1160-64,5 = 75 000 kkan/u).

IKCNepHMeHTAIbHAA TIPOBEPKA YPABHEHMS XapaKTePHCTHKH OTONHTETBHOI
CHCTeMBbI ITPOBOAHJIACH KaK MPH H3MEHeHHH PACXO/d, TaK M NMPH H3MEHEHUH TeM-
nepaTypbl BOABI, MOCTYNAlOMLeH B CHCTEMY OTOMJIHHS . 3a1auaMii 9KCTePHUMEeHTA b+
HOH NPOBEPKH SBJISJIHCh onpegeseHHe (haKTHIECKOro napaMeTrpa OTOITHTETLHOMH
CHCTeMbl P 110 popMy.ie (8.42) B UPOKOM AHANA30HE UIMEHEHHS YCIOBHII pa-

TabGauma 81 Onpenesenwe napameTpa OTONHTEALHON CHCTEMDBI M3 peayabTatos

HCNBITAHKKH

Pﬂcxoﬂ.ﬁ Teunegg({'p,a océfenon E, ;: o Pac;:oﬁf:gﬂﬂ;%nona n;ffﬂ?é?reﬁffgrw )

c:;‘;_':_? E i Pa3HOCTh B
” gg TeMepaTy By ;
M3y Tot Ve Tae ;:‘i :Jz._ cp kBT —.ﬂ;’“—'m— kBt /K I:’..:{aiiC]
0,906 {120,2; 74,01 56,2 2,61 45,1 67 58 1,560 1370
0,775 |119,41 68 81 533,9| 3,38 41,35 58,8 50,7 1,54 1324
0,580 |[118,4| 65,51 50,5 3,45 38 45,7 39,4 1,37 1181
0,615 |118,0| 63,5 | 46,5 3,24 35 42,7 36,8 1,4 1210
0,421 117 ,4| 66,1 | 44,1 2,39 35,1 35,8 30,9 1,22 1053
1,45 00,8 71,0 | 61,4 3,10 — 64 .8 55,8 1,49 1283
1,17 97,71 67,6 | 58,4 3.27 — 55,5 47 .8 1,43 1237
1,0 99,61 65,9 [ 56.5 3,508 - 54,5 47,0 1,45 1255
0,79 98,31 62,0 | 54,3 | 4,71 — 40,5 34.8 1,24 1064
1,02 78,8| 52,56 | 45,6 | 3,82 —- 39 33,8 1,59 1367

!

INMpirMevaaune. B nocaelHKXx NHTH

ONhTax OLIJT BXJAWYEH HacOC CMeieHus, YCTAHOBACHHBIR
Ha nNepeMBIKe 3.-1i:uaTopa.
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Tafauna 82 Tlapamerpu DTOMHTEALHOW CHCTEMBI
o PEIYARTATAM WCRHTAHMN

TeummepaTypa CeTesOR Pucxog, O pisis TTapaMeTp OTOOHTEABEOM
Freies R i it
BOAH HA e TOMACHITY .
OTCHTEHHE, TKas cp, kBT q..u-(b
MFju T Tm 1ia Toe | MET "G — THC.
e K KKAA S (w20
|
29,7 110 108,01 75,861,011 1,64 1,41 48 .4 36,1 31,2
30,8 1314} 112 794|645 1,71 1,47 61,7 35 30,2
29,7 Mo S5(105]1 785|640 1.6 |1.38 51,25 33,6 29 .0
32,2 111 99 8 707 | 37,5 | 1,58 | 1,30 44,1 38.5 33,2
30,4 86,5 82 58,7 149,41 1,14 |0,985 34.5 A8 3z .8
34 80,5 75 56,0 | 48 1,06 [0,918 32,25 38.6 23,3

GOTL! OTONHTENBLHOH CUCTEMK! M GIIEHKA TOTO, HACKOTBKO NOCTOAHHBIM COXpaHsd-
ETCA NPH ITOM 3HadeHHe D 4.

I1a pue. 8.9 npeacrapicun pexyMbl paboThl CHCTEMEI OTORJCHHA NpH Nepe-
MEHHBIX DACXOJAX BOAH H DA3THUHBLIX TeMIepaTypax cereroft Boan. Pacuer
napaMerpa OTOMHTCILRON CHCTEMR TNQ PE3YJIRTATAM HCNbITAHHA [0 fODMYJe
(8.42), npueenexnmft B TaGn. 8.1, NoOKa3aT CTAOHIBHOCTL ITON BEAHUHHA! M GJIH-
30CTH €€ K pacyeTHOMY 3HAYCHHIO.

Hay TTI, cralxkawuwesl TemioTofl 7 3LaHHB € PACYETHBIMH TEULNONOTEPHMH
Qs — 2,32 MBt (2 I'kan/y), pacycTHbifi mapaMeTp OTOMHTETBLHOH CHCTEME
P, = 36 kB K [31 000 gxaa/(u-°C)i.

NpeleeHHEIe H3 ONLITOR 3HAYElHs NapaMeTpa OTOLRHTEAbHOH CHCTEMBI TIPHK-
BeAensl B Taftr. 8.2.

Kax cnepyer 3 pe3yiabLTaTon HCNLITAlIHY, daxTHyecKue 3HAUCHES [lapaMerpa
GJN3KH K DACUETHOMY 8 RIMPOKOM HANIEAS0HE W3MEHEHHA TCMIICDATVPLL CeTepoit
BOAbLI T1€pexR cHcTeMoll oTomMeHMsi. OTKICHeENs He npepnwawT 7 %.

_ Faiasn desaraa
TENJIOBBIE PEXHMBEI YCTAHOBOK C NAPAJIJIEJIBHOHA
H CMEINIAHHO® CXEMAMH BKJHYEHUA TNNOJOIPEBATEJNEH
TFOPAYEFQ BOAOCHABXXEHMUS

9.1. VCTAHORKHK C NIAPANUIFJLHOW CXEMOH

1.1, PACXONK GETFROW BOAK H MOBEFXHOUIH NOAOCPEBATLAA

Pacxog cereBoil BOILI HA TeILIOBYK) [IOACTAHUMK) ¢ HADALTCIBHOH CXCMOH
(puc. 9.1) .

V_V,+V,. (9.1)

PacyeTiinift pacXod ceTeBoil BOAL! Ha OTOTMVIEHHE ONPEN&IHtTCA (IPH DACUCTHOH
HapyxHoi remneparype £, [lpu ofkiavHo npuMCHACMOM TeMITEpaTypPHOM rpagpu-
ke 150 70°C vieasnbifi PacXoR ceTeBoll BOIL HA CHCTEMY OTOIIEHHA ¢ pac-

. ; . M3 .
YeTHOH TCIJIOBOH HAarpys3koi 1 MBT cocrapasery,, = IO,B-;'-.’MBT(L?.S M Tran).

MAKCHMATBHLIA PaCXO CETERON MOAM HA ropsuec sojocHabxenue Habmio-
AACTCS NPU TeMIepatype WaToMa rpaduka fy (T8 KAHMATHYECKHX yesosni Mock-
Bl {5 = | 2,5 °C), Korja TeMmreparypa B 100 el JUNIHH ceTH, padoTaiollelt no
OTONUTENBLHOMY Tpaduky, cHiKaeres 10 1) — 70 °C. YueabHwi#t pacxog certe-
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BOH BOJbI, OTHECEHHBII K MaKCHMaJbHOH HArpyske ropsiyero BOAOCHAGKEHHS,
NpH 3TOM
1

o= VIR = e

(9.2)

rAe Trp — TeMIepaTvpa ceTeBOM BOAL Ha BHIXOJe M3 Tlojorpesare]s mpu i
H QMSKC 3
r L]

[Mpy obbiyno mpruiMaemom Trp=30 “C of == 21,5 M*/(a-MBT) (25,0 M*/T'kan),
T. €. B 2 pa3a 6oablie, 4eM V/eJbHbI PacXoj] ceTeBoit BOAH Ha OTOIJCHHE.

t
t,l' I [ ———— ‘-‘z = _m
I
Puc, 9.1. Hpunmmnanmlan* cxeMa TenmoRoft v ‘DX Ve v Ta3
MOJACTAHUHH C TNApadfenbHOH CXeMOH BKJIO- __o o g
YeHHA NOJOrpeBaTeas ropavero moaocHabie- v ]
HHA ! TrZ
72 Toz
> — ! O

Besnunua 1y, onpesneaser Takike pasmepbl NOREPXHOCTH MOXOTPEBATENS TO-
pAYEro BOJOCHAGMKEHHS:

ke Fye= Qu/AlL,, 0.3

[Ipn O6LIUHBIX YCJOBHSIX, KOTHa SKBHRAJTEHT PacXoja rpeioileil reTeBofl BOILI
IIpeBbILIAET 3KBHBAJEHT pacXoja HarpeBaemMoil BOAOINPOBOAHON Boaul (Wr >
> W3), cpemtss JorapHdMiHuecKass PasHOCTL TeMIepatyp

() — (¢ —1)

i . (9.4a)
2.31g 12"
1
B nporusHoM caywae (W; << Wy)
(7 =—H)—(xls—t
1Y FIEM L "( i/ (9.46)
2,3 lg =1
R T;’E'-“-fz
JnavenHe napamerpa MoJOIpeBaTeis
ki F QY
Py = : : (9.5a)
Vwrwr M) wrw
C yuerom Toro, wro Wy =« Q/(1] — /o) u Wy = Q¥/(t, - ¢,), noayuaeu cie-
AYIOIHE BBIpAXEHHSA Aad D
npu WY > Wy
' T, —h s
2,31g -'t—f'::'!— V(‘!I'* fa) (T]—T73)
Py = — ; (9.56)

(Fi—fp) —(T§ —Tig}
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npr W< Wy

. T, m¢ ¥
2,41g ———— Y {ti—1,) (v; —.)
trg—tz

(1% _T;Q) —({;—1a)

By = (9.58)

{Ip} HATPV3KAX FOPHUETO BOADCHAMMKEHH H, OT/IHURNX OT MAKCHMAThHOLT, IKBHBA-
JEHT pacXofla BOOONPOBOANOCH BOALI

We =Q,i(t - ta). ’ (9.6)
[TOCKOALKY MPH BCEX PEXKUMAX 3HAUCHHH [, H {;, COXPAHHKTCH HERIMEHHbIMH,
WeiQ. = Wa/Qr i W /Wy =Q/QF. (9.7)

DKRUBAJMEHT pacXola CeTeBoil BONLI Ha ropsiyee BOJOCHAOMEHE MOXKET GEITh On-
PEeIeeH W3 Y]HUBHEHWS XAPaKTEPHUCTHEH [OROrPEBATCIA

Gy ! 5
=3 0.35 0,65 1 : *.8)
- L :

: W Wy = @, WyuWg

rje V—r1, — tz' — MAKUHMAJILHAS [ASHOCTR TeMTIepaTYD B 1O0rpesarese.

Ecan obe vactu vpaoiends (9.8) pasaemute na W, 170 novanus Gespasmep-
EV1O 'l't’II.HUB)"H.) HATPYAKY ITO,T(_]I'I}E‘HH'!'P‘WH, OIrHECCHHYHY K SKBHBAJCHTY pacxoia
BOJONPOROIAION BOALY

npr W, << W,
i . S
e, - Qe h—h ‘ ‘ . (9.92)
oo o mmh s ol 1/ 2
. _ y i3 W;- —ub (bn l/ Wfr‘
npr W, > W, |
£, == v?t; = r]"""'l;i == 1 ¥ (g'gﬁJ
Ty —F
I A il RS l/‘wﬂ

3HaueHMe By AABMCHT TONLKO OT TCMIICPATYDE! BOABI B NMOAAOLCH JAHRHH Teil10-
BOH COTH M He 3aBMCHT OT HATPY3KH rOPHYLro BOAOCH2(KEHUA 1PH UHOCTON HHBIX
AHAYEHHAX TCMIepatyp [ M #,, TAK Kak

:'.'-B —_ t]. _t2;(1[ —!2). (9.]0}

B 318X ycnozdax npapas uacth ypaeHerui (9.9) u ornourenne W, /W, co-
XPAHSIOTCH HCMIMCHHAMEL. 110TOMY MpH BCEX HAPYHKHLIX TeMmepatypax

W /Wr =W /Wy =Q/Qr. 9.11)

IKBUBAIEHT PacXnia CETeROH BOABI HA Tapsiuee ROJOCHAGKEdWEe onpejensercs
W3 ypasuenuii (9.9):
upn Wy < W,

W, = 0,49W . ‘ © lQa)-

! 14"1——065 l -
‘pﬁ+'(5u_' )— Py
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npn W, > W,

W, - e . (9.126)

. I ] [
—  b[~—0,35])— —
[ (bl'*: (_B“ ) ¢Il]

OTHOCHTENLHNHA 3KBHBANEHT PacXona CeTeR0H BOAbI HA FOPAYEE BOAOCHAGKEHHE:
. W, < W, '

-w,r’-r . d I; P ' % 0.49 - = '
W ‘ / ,__l__ 5_1.4(l-...ﬂ‘55) .
- l tﬁﬁ : y ] b,
T{‘_T;IE Ql‘ .
X 7 a = 9.!3
PR (9-13a)
npuw W, > W,
. _— i 1,69
u..’ 5 _— W’ = N = ><
W’

8 F.L -“ﬁ("- 035) LT
V fb; s Eg . .rw(_t'u

Ty —Tps @
fr"*!n Q(;I ’

X (9.136)

FlockoabKky TerioeMKoCTH CeTesol BOLn, NOCTVIIAIONIeH B CHCTEMbl OTOILe-
HHSL H TOPSIMEro BOAOCHAGKEHHS, NMPAKTHYECKH OJMHAKOBLI, TO H OTHOILIEHHE Tell-
MOBbIX IKBHBATCHTOR pacXoaoB W pasno otHoinenkio pacxoaos V, 1. e. W /W, =
=n= VIV,

M3 ypannennii (9.9):

npu W, = W,
ep= /(1 4 1/, (9.14)
up W, < W, '
““>_"""LT'"? (9.15a)
S
npi. W, > W,
S . 1 (9.156)
t i -F,,—

r

Jlast Toro yTobb CNpeaesiNTL, KAKUM H3 ypaBrenu# — (9.13a) uan (9.136) —
CNELYET NOJbL30BATLCA, HEOOXOAHMO N3 YpasHerHs (9.10) HaliTH e, H VCTAHOBHTD,
KaKoe H3 HepaBeHcTB (9.15) umeer mecto. Hepasenctro (9.15a) ykaspisaer. yro
We<<W, n n jpomkHo onpegeasTues 10 YPaBHeHMI (9, (3a). B nporug-
HOM Cyyae Wenoab3yeTcs VpasHeHHe (9.136).

Temneparypa cereBoii BOAL B OGPATHON JHHUH

Wotee+Wptrm Toz + NTpy

'["2 . rn i
Wn"‘i—Wr l"!‘"
¥ gt bt
W.- n
C yd4eToM #70r0 3HAUEHHA T,
Tog - nt, —pdr
ettt £ Il. PoT, . {9]63)
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Fmt ¥ M&/,‘ Pue, 9.2, 3aBUCHMOCTH DACHETHOTO PAcXQia CETEROR
2 e oAt V M nomepxWocTH nojerpepaTtens FooT puc-

P\ YOTHON TOMNERaTYpPLl CereBoR BB Ha@ BBHIXOAC M3
;zg ~ 4 DONOTPEBATENA T o o

\ T =70 °C:  fy=b °C;  H=60f  RTLIE KBT/(MTK)
i N - [ IO mwaanf (w200
100 40 \ -
agt- 35 ~
: ) vl
VP

A

L
o 28

8 w18 22 T
t
M3BeCTHO, YTO Typ — T, — , Otg, rae @ 7= (b - ) (/u ~— {y). C yyeToM 37010

oMb @) g Qote (9.166)
i ) +-n 1-nm

[Mosepxnocts nogorpesaveds (€ro napamern), a rakke MAKCHMaAbHBIE pac-
X0/ CeTeROH BOLL i1a ropavee poAOCHADXKeR e, HMPKHIHA MeCTo NPH TeMITCpaTy-
pe nasomi rpapyka, onpeeasores Belbpannoi TeMIIEPAIVPOH ceTesofl BOILI
1!y N& BBIXOME U3 NOJOrperaTte. I NP MEKCHMMJIBHOH Harpy3Ke ropda4ero po-
JOCHADKen M, '

[IpHMentble 3aBHCHMOCTH DACXOAA CeTEBOH BOLLI Ha abOHMENTCKHA uBOJ]
¢ Q5 = 1,16 MBT (I I'kaa/u) n QF = 1,16 MBr (1 kain’'q) H NOBEPXHOCTH NMOIO-
rpeaatens rOpAYEro ROJOCHAOKEHWS! NPU VCIOBHO NPUHATOM KO3(DMItHEHTE
Tenaciepeadud kg — 1160 Be/(m*- KY 11000 kkan'(yM*-q-"C)} ot 172 npeacrae-
JAeHL Ha puc. 9.2, 3apHcHMOCTH NOBEPXHOCTH NMOJOrPEBATE]s OT PAcdeTHOrO

O Fut[ R[t3°C
: \
180
160 t— 150 .
-
5 \ L{rz
140 140 \\ 7
120 . 120 ‘\ RUANELY
120 A 100 \ }o‘\"i 20
q‘-r;;xw'c \ ]\“:Q.téf 5
h -
aar . 30 1 e
5 \ = A r 20
501 ——12 2L g i AN m |
Q2 25 5 \T\\F
44 o i ﬁ%— 40 =
FH .II.
20 ey 20 e~
py 7
t-? { ! k J _!_ L
20 22 zea} 26 Vw4 gza Jjg 3z J#E)JE T8 40 3y

Pie, .3, 3anKCHMOCTy MEMHALY PAcueTHHMMH DACXCIaMH BOIH W NORERXHOCTAMH TONOrpesa-
TEIA 1A% NapaafeAbBolt ¥ CMEIIaHdor CXeM NPH Pa3JRUNHX Harfyakax ropruero Boaocrab-
aenaa =116 Miir (I Txaafu): :

0
ITPHACHEH SHHAGA  HAPENABIRHEY CREMEE;, CHAHIRERE JHHHE — CMQIIaHHad oXeMAa, OTWOCHTEAbLHAR Mak-

M P | r .
CHH2MuHAR HATPYIKA TOPAYEro BOJOCHalweRUS 0 » Qo /Qn; - pE=0068; 4 pM=1725

194



pacxojia cereBoit Bkl VIt aGOHEHTCKHX BBOAOB C PA3JHYHKIMH OTHOCHTR/IbHAIMH
HATPY3KaMH TOpSIUEro BOJOCHAGMKEeHNHA NPH 3HAYEHHAX T, B MHaltasone 10—
30 °C npencrasnennl Ha puc. 9.3

Bbifop ONTHMAALHOrO 3HAYEHH$ Ty SRAAETCH  TEXHHKO-3KOHOMHYECKO#
3ajaueii, OnpeaeAIOUHMHE NIPH TOM SBAMOTCH KAMKTATOBAMKEHHSA B TEMJOBYIO
ceTh H [NOJOrPeBaTeJ]LHbIE YCTAHOBKH.

Mposenennbie uceaenoBaula 22| nokasaan, 410 ONTHMAAbHOe 3HAYeHHE
11, cocragaser 12— 15 °C apu Bcex 3HAUEHHSIX p, YTO 3HAUHTENbHO HHXKE OObIY-
HO MPHHHUMAEMbIX 3HAYEHHH 159 = 30 = 35 °C. [locnenuee onpenenasercs noOBbi-
IUEHUCM VIEJbHOR CTOMMOUCTH TEIL10BOH CETH 3d NOCJEAHHE IOjbl NPH NPAKTH-
YeCKH HEeM3MEeHHOM COMMOCTH lojorpesareneii. JT0 U3MEHHET OIIHMYM B CTO-
POHY MAKCHMANbHOIO COKPANLeHH S PACXON0B BOIbI H COOTBETCTBEHHO AHAMETPOB

TeNIOBOH CeTH.
0.1.2, PEXHMB! PABOTHE CHCTEMDBDI OTONJEHHS

Pacxo,i cereBoil BOAbI HA TopAdee BOAOCHAOKCHHE H3MEH5CTCSl B TedeHHe
CYTOK B COOTBETCTBHH ¢ rpagHKOM Harpy3KkH ropsiyero BoJOCHAGKeH!H, & TAKKe
B TeYeHHe rofla B CBf3H C M3MEHEeHHeM TeMilepaTyp BOJOUPOBOAHON H CeTeBoH
gonbl. M3menenie pacxona BoAbl B CETH IPHBOJHT K HIMEHEHHIO NOTePH Hanopa
B CETH M NDH MPAKTHYECKH Heu3MeHHoM Hanope Ha TILl - Kk u3MeHeHHIO pac-
nojiaraembix Harnopos y abOHEHTOB.

B cavyae, ecTy CHCTEMbl OTOMJIEHH ST a00HEHTOB 00OPYIOBAHLI PEryJisiTopaMH
pacxosa, pacxoj soibl V, nojjiepxupaercss 110CTOSHHBIM, PaBHBIM PAaCYETHOMY
V.. CymmapHbiit pacxon soim B cetH V = V4 -+ V. npn p* = Qf/Qs = 0,66
cocrarasier npumepuo 10,8 14,2 =25 m*/(u-MB7) (12,5 4 16,5 =29 M*/y Ha
1 'kasn/y pacueTHON OTONHTEJBHOH HATPY3KH), T. €. CYMMapDHBLIH PacXxol B CE€TH
B 2,3 paza npesblitaeT PACXoj, CETCBONH BOALI HA CHCTEMb! oTomenust. CooTBeTCT-
BEHHO [TOTEPH HANopa B TEMJIOROH CeTH BO3pacralor B 5,3 pasa, TpebyeMbldl AHa-
METP CeTH, a CJIEJIOBATENhHO, H €e CTOMMOCThL VBEeIHUHBAIOTCA MOYTH B 2 pasa.
B rakoifl cery B AHana3oHe KAYeCTBEHHOro DeryJMpOBaHHs OTIYCKA TeIJIOTH 110
OTONHTEJbHON HArpV3Ke pacXof TenjoThl Ha OTOIIEHHE NPH BCEX HaAPYXKHBIX
TeMnepaTypax M BCeX HArpy3Kax ropayero BOAOCHAGMKEHHs! COXPaHsiercst pas-
HGIM PacyeTHOMY.

OnHaKo, KakK IMPAaBHJIO, CHCTEMbI OTONVIEHHH B CETH ¢ 11apaji/leJIbHOH CXeMOJ
He 00OpVAOBaANL! Peryastopami pacxoaa. [TosroMy pacxXoj BOALI Ha MOJCrpeBa-
TEJIH FOPAYero BOZOCHAOKEHH S BAHAET Ha PACXOAL! BOILI B CHCTEMaX OTOMJIEHHS .
Bhitie 6bl1M paceMOTpeHbl HaKTOPhb!, ONpeaesiollde PacXoll BOUbl B CHCTEMAX
OTOIVIEHHS, H ONpeaesieHbl yC/1I0BHA, 06ecrneyHBalolilie nponopiHoHa/bHyIo pas-
PEryJAMPOBKY, T. €. OJMHAKOBbiE OTHOCHTEIbHBIE DACXOMb! BONbI (¢ Y OTONMHTE/b-
HbIX aOOHEHTOB B CETH ¢ HATPY3KOH ropauero BOAOCHAGKEHH S, NPHCOeAHHEHHOH
10 papadennHofi H cMeluaHHoi cxemam., Komneucanud HeI00OTHYCKa TENJOTH
B CHCTEMAaxX OTOMN/JEHMS H3-3a COKPAIleHHs] Pacxoja CeTeBOH BCAbI MOXKET MPOH3-
BOAHTLCS JUOO NyTeM YCTAHOBAEHHs! J004BKH K pacyeTHOMY pacXoly BOIBI Ha
otonacuue ¢+ Wa/Ws, rae Wo - 3KBHBaJIGHT pacXo/la BOJAbI HA OTOIJICHHE
NPH OTCYTCTBHH TOPSINETro BOJAOCHAGKEHHA, AHO0 NyTeM NOBbillieHHs TeMnepa-
TYPHOTO rpadHKa,

Us ypasheHHl XapakTepHCTIKM OTOMUTeNbHON cuereMbl (8.11) wau (8.41)
PACXOA TelJ1OThl Ha OTOILIeHHe

T~y T, —Ip 9.17

Qo 05{u 1 i 0,54+« 1 A" 1 ©-17)
- - N 7 —

L hu W, ®y Q0" l-fu W, Qq M

1 [lpeanonaraeTcs, uTo Bee NojorpeBaTey ropsyerc BogocHabxenn s o60pyLOBaHbI pe-
FYAATOPAMH TEMNEPATyPhl. MOANEPKHBAOMMMH TEMNepaTypy BOIONPOBOAHOH BoAW £ =
= 60° C = const.
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b ,h._-""
PacueTiielit pacxXol TEMAOTH HA OTOMVIENHE NPH KayeCTBeHIOM pery.TupoBantil,
CTONITETHHOM TEMTIEDATY PHOM TPAHMKE H TEKVULIEN HAPYKHON TemnepaType -/

, T
Gorp = Wottny ~Tag) = Wo bty ——0, (9.18)

riae Ty, 4 Ty, — DacuyeTHeie TEMIEPATyphbl B [IONAKOWEH N OOPATHOH JAHHHAX
NPH OTONHTCALHOM TemnepaTypion | pathuke, St - pacueTHHA nepenaj TeMIe-
PATY]R B TEIAOROM CETH NpwW /.
OrHOCHTEABRBLE PACXNT TERNOTH HA OTUILTRHHE
Qo . T —/y !
(;’6 n F':‘—- fli 0,50 u”:. A’ l'xll;l

ﬁf:} PR 1 L u.'_r - ' ()J — (]
h f i v iy {Q“l

C yuerom roro, uro W /W, - W, W, W, W gy, Qoo b,
(_341 : Ql!"{(‘!)f; e (Qm’!On.p} ((\)i-p"'(');r) o i(\}illr"c‘)h.[.) (f; fn)n’{tl: - !I'i’t (92{"

vpasuexde (9.10) nprpnvaer o

(9.19)

Y Ty Ip ) ";u" 't:r IR E
- J ‘—_r"-J.IA..‘.‘ - = " _' - I 's}-z lJ
@an _(E.L?_'_ii h.r“_ AsT Qo.p )n‘ 3 W:"._T_i,”._ ] Bl fu -y ’
T g s

Bryspenuss remueparypa £, ssaneres Qynwnned Q,'Q, , # vomker Giuitn onpe-
aeJella U3 DLIPAMEHHS _
1yt -2t ot (9.22)

o.p

Hoperapass suagense £ ws (9.22) » (9.21). noayuaem

i r
Qu Ti = it "n. FJI 9 1}-;
* I Ko A’ t (o . o e i (‘.‘_.)
Yap T 0.5 =1 Lo b Rer Yo.p ] e n H \ AT
BN | - qy © il A

Beawuuua « - W /(VW,) onpeaeagerca no ypaexeruto {(3.8). Chasnyer oTve-
THTH, '[TO BXG/ILEE B ypaBHeHlie {3.8) S, A0/KHO OBITh CHPEAEICHO IPH PACXO-
ne poabl B €eTHM, pasnom W' .. Bxoasniee n vpannenwe (3.8) » WAk )
aipegeasercss oo ypasHernav (913}

Mpumep 9.1, PaccyyraTh persuMul paboTul Tena0boM BOACTANUREK ¢ NAPALACTRHON Yo
sall BRJ0MeRrst hogorpepaTtedell B Teyeb e OTONHTETLHGMG Cednka MR cpeanei ¥ MAaKch-
M:‘hﬂh”ﬂi’i Elf'lrp}'.q“ax ]"I'}pﬂ"ll:'l'ﬂ Hﬂ,ﬂl‘l(‘"ﬂﬁ}“f"i’”lﬂ ”pl{ CARAVEIINMEY HCXOAHBIX TAHIRX. TPMIIP-

]

PHIYPHLIA rPaPHK B CeTH - OTONHTEALHBA, [ACHRTHAX APV AHAA TCMICPATY A Iy~

= —26 "

. "C . . ... ....... =2 20 .-l - -6 =3 —1 24
Tia 0 . v wom om o v 150 133 119 105 93.7 85 79,7 70
Toas N vl w A d VS @@ 70 64 59 54 50 47 45 41,7

Pacuernas narpysxka oronacnus Q:, = 1,16 MB7 {1 I'kaadq), OrnocuTeabiasn Harpysxa
rOpAYEro BoJocHaOkenus: cpeangs p°P = QFP/Gy = 0.3; makckmaankas Y = QM0
=. 0,66,

[lepexn cucteMoli pTonaenns VOTaHOBACH PeryasToOp PACXOAd, PACXOA BOAb H CHCTeMY
OTONACHES COXPAaHATCS] HeHAMeHHEM, H€ 32DHCAIAM OT DACX0Ad BOJAW HA Fapsiee BOILO-
cHAOMeRUD.

TemnepaTypu BOAONPORCAKOH BOAHW HA BX0IZe ¥ RHIXOLE WA mogorpenatens f, = 5 °C;
f = 60 “C.

Peumwe#nsne.

I. Onpenesenne napamerpa NOACTPeRATeNs FODPHUEry BOAOCHAGKEHNWS.

[lapamerp NojorpeBaTeid ropRuert ROAGCHAGKEORHA ONPLILIALTCS H3 YCJIOBHA NMOJY-
YeHHH TEMIENATY PR ceTeBoH BOIK HA BHIXOTE U NOANTPEBATEIN NIDH TEMIIODATY P H3ROME
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[ rpaduka (f; = +2,5°C; 1{.= 70 °C) 1 MaKCHMaabHO# HarpysKe ropsuyero BojocHalxenus
17, = 30 °C.
[pH yxa3zaHHuIX BBIlle 3HAYEHUAX TEMNEPATYp ONpedesseM BeARYHHY NapaMeTpa nogo-
rpepareas [cMm, dopmyay (9.56)]:

®,=2,8. +
2. OnpejencHHe MeHbLUIEro IKBHBAJCHTAa pacxXojna TensoHocHTeaei. Onpegennem
1
l = =0,74.
A — I ————
H_QbJLI +2,86
OnpejensieM &y no gopmyae (9.10):
SBZSSK(TQ "—5).

OnpegenseM, NpH KaKKX 3HAYEHHHSX T, BHNOJHsercd yciaobHe (9.15a), npx koTopom
Wy <
55/(t, — 5) > 0,74.
OTCIO.II,a 1, < 80 °C. Caepoparteabno, npu T, < 80 °C Wy < W.; npu 1, = 80 °C
W Wp; npu %, > 80°C Wy > W,.
3. OnpeaeseHue OTHOCHTEABLHEIX PAacXOfloB ceTeBOR BOALI Ha ropsiuee BogocHabxenue.

a) Ilpn 1, << 80 °C W5 << W,, OoTHOCHTeNBHBIi pacxol ceTeBol BOILI Ha ropsivee Bo-
ZocHaGxeHHe onpezeaserca no dopmyae (9.13a)

0,49 150 —70

I/ 1 g 1 e=e
7w 18 (5 %) 5

6) Ilpn ©v, > 80°C W, > W,, W, onpeaeaserca no dopmyae (9.136)

P-

§,69 150 —70
- 2 60 —b5
[V > 85" 4—26(:;"-—-0 35 —-2-:5-6
[Mo npusenenHbiM QopMyaam npe fy = —26 °C; 7, = 150 °C
ep = 05/(150—5) = (0,38
n=0,533 p.

IMpr p = 0,3 n = 0,166; npr p = 0,66 n = 0,364.
Temnepa'rypa cereBof BOALl B o6paTHOH JAuHKM no dopmyae (8.166):

npu p = 0,3
1,3
= 50— 801,I66=605C
npu p = 0,66
1,66
— — 0
T, =150 — 801364 52,5° C.

Mpu #y = 12,6°C; ] = 70°C
ep=55/{70 —5) =0,846; n=2,13 p.
Ilpuy p= 0,3 n=0,64; npu p= 0,66 n=14.
_ Tewmneparypa ceresoit Boab B ofpaTHoit auluu no dopmyste (9.166) cocrasaser npu
Q, = (18—2,5)/(18 -+ 26) = 0,354:
npan p = 0,3
0,354 40,3

=70 —80
T2 1,64

—1 S

npu p == 0,66

0,354 1-0,66
2,4

PaccunTanHble aHaJOrH4YHO NapaMeTphl TeMVIOBO# MONCTAHUMH IPH BCeX paccMaTpHBae-
MBIX HapyXHBEX TeMnepaTypaxX NpHBeAeHH B Tabauue,

Ty=70—80 =36°C
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9.2. YCTAHOBKH C ABYXCTYINNEHYATOH CMEIIAHHOR CXEMOH

9.2.1. PACXOJAb CETEBOHA BOIbI ¥ NOBEPXHOCTH NOAOIPEBATEJEH

Pacxoyi CeTeEoll BOAb HA TEMJIOBYIO MOACTAHIMIO CO CMEIAHHON CXeMoi
BKJIOUEHHA nojgorpesareas (puc. 9.4), Tak xe Kak ¥ A5 MOJACTAHLHH C mapaJ-
NenbHOH cxeMoii, onpenendercs 1o (9.1). ¥YaeasHbifl pacxoi BOAbLI HA OTONJEHHE
[IPH TeMIeparypHoM rpathe cert 150—-70 °C Tako#t xe, Kak M NpH napaiiens-
Hoft cxeme V,=10,8 m3/(u-MBT) (12,5 m*/Tkan). Ilpu onpenencHuy yaensHoro
pacxofia cereBoil BoAbI Ha ropsyee BojocHafKeHHe OOLIMHO NPHHMMAETCH, UTO

npu Qr W HAPYIKHOMH TEMepaType I, TeMreparypa Boibl Ha Bbixoae u3 l1 eryne-
HM TOACTpeBaT&Nsi paBHa TeMnepa-
Type BOAbl Ha BHIXOJIE M3 CHCTEMbI
OTONJEHUH, T. €.

’Iﬁg == T;Q == T; oM (9 24)

OcHOBHBIC TNapaMeTpbl BBOjla MpH
CMEINAHHOR  CcXeMe ONpenc/sioTCH
NPUHHMAEMBIM HEJ0rPEBOM BOXOTIPO-
BOJHOH BOJIEI B I ctyneru 16 Temrme-
patypbi T9en, T. €. 3HAYECHHEM OF =
= Toew — In, rae In — Temmeparypa
BOJAOMPOBOAHOR BOJbl HA BBIXOAE H3
I crynenn.

YnenbHbIl pacxoi BOAOUPOBOJI-
HOM BOJBI HA €IHHHILY MAKCHMAaJbHOH

C
HATPYSKH FOPAYEro BOLOCHACKEHHA Puc. 9.4. [TpurnucuansHad cxeMma Tenaopoft

M
Uy — BEJIHYHHd4 NOCTOARHANA, PABHAH  poacraunmu ¢ ABYXCTYICHYATON CMeIaHHON
15,7 m* (u-MBT) (18,2 m*Tkax). cXemoil BKJIOUYEHHS rojorpepateselfl ropayero

YaensbHEIN pACXO[ CeTeBOH BOAM BOAOCHA0KEH NS

Ha ropsyee BOAOCHaOMKeHnHe Uy oupe-
JENATCS H3 YCAOBHS HATpeBa YKa3aHHOTO pPacXoAd BOAOMPOBOAHON BOMBL OT

TeMmepaTypel In A0 TeMIeparypsi #;, T. €. Ha
At~ t]_"""" tr’; e tl -—-'E; em T 65, (925)

!1 "'-'T:;. oM "}I" 6!

(9.26)

M . #iM
Ut‘ -_UB ” w”
T1 =% om

Jlonsi TennoBOd HArpy3KH, MOKpbIBaeMast | CTYMeHbLIo nojorpesarteis NpH TeM-
neparype Hajaoma rpadgHkKa H MaKCHMAaJbHOH HATCPY3Ke ropsguyero BonocHabxe-
HHA,

S s O,
T e L s (9.272)

[y —12 I —13

To xe ans 11 crynenu mnonorpesarens

t— £ t—1r - Ot
an = E oo . . (9.276)
ty—i2 fy—1a

Y nenbHbI pacyeTHBIH pacxon ceTeBoOH BOILI HA BBOA (OTHECEHHHI K ejHHULE
oronuTenHOW Harpyaku), m*/(MBr-u) (M®/T'kan),

U=0%p¥-v,. (9.28)
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TemnepaTypa cerceoll BOJbl HA BBIXOJE H3 I cTyneHs noaorpesaTens

v g, ¢ % g 0"
Ty—T2emw— L T (9.29)
wr p " wu

Fle @ — SKBHBABHTH YASILIEIX PACXOROB (W = ve).
Vieasnas nopepXHocTh warpepa [ crTyneHu MOIOrpesaTeaA. OTHECEHRAN
K ewiHHLE MAKCHMEALHOH HArpyskw TOpftderce poocHabaeHHs, MY/ MBT (m*

wa | Txaalu),

n
fn= ; (9.30)
k{Ateply
rae (Alepht OUPCIGIARTCH N0 HIBECTHRIM TOMIEPATYPAM Ty N Trzs & H f

(cm. pue. 9.4).
Bearuuya fyp 3@BUCHT TOLMBKO OT NPHHATOTO SHAUEHMH 8¢, DXOAAIIETV K g1y

H i
Viensnas nmopepXHoctn Harpesa, m*MBT (m* ma 1 Tkaaly), I cTynenn mo-

JorpesaTes

q; y
= 3
fi T (9.31)

rre (Af,,)) ONPEAETHETCA YO U3BECTHBRIM TeMnepaTypaM T Ty Ay A Ig.

TaxHMm uﬁpaaom, B OrJMHYHE OT f 11 3HauclHe fl ARUCHT He TOJBKO OT Of,
HO TAKMC H OT OTHOIUICTIHS P, ONPCAEAIOWEro coriacio (9.29) ;.

TIpH OGHIUHO NPHHKMUEMBIX JHAUCHHHX i, =- 5°C, t, == 60 °C, v{ — 70°C,
Thew = Too -~ Trz = 41,7 °C, 4 TaKxke npH §f = 10 “C npuBeiesHbIe BLIE T1a-
paMETpLl  CMEWaHHOE CXeMsl MPHHHMAIOT C.eAyollie IHAYEHNA! Up — Up —
157 wof{u-MBT1) (18,2 M*/Tran); g, = 0,485; ¢, = 0,815, v — (15,7p% +

10,8) a3/ (n-MBT1} [(18.2p™ + 12,5) m*/Tkan);

noM
T: e (41,,? e 0450 )u " [‘f\tcp)” —10°C;
¢ (18,2p" 4 12,5)

[, = 44,4 M MBT (51,5 »* na t T'ran/u) [npu & = 1160 Br/(m*- K)! 11000 kraa/
(M2-4-°C)]. Beawuuna [, wamensercs ot 26 10 20 MiMBT {or 30 1o 34 »* Ha
| Tkanfu) npu ysenuyenrn o ot 0,66 1o 1,25. Ha puc. 9.3 npexacrapaenbl 24
SUCHMOCTH MEIKIY PACHETHLIM DACXG/IOM CETeBOH BO/IB H IIODEP XHOCTLIO nojlorpe-
waTeaell TAKKE H 715 CMenIMHHON CXeMsl ¢ Qo = 1,16 MBt (1 'xan/y) u pas.auu-
ABIMY SHAYEIHAMH 0¥ IPH PasJHuHbX SHAYEHHAX 4¢. Kak oTMeua/noeh BhIIE, NPH
pacyeTe CMelNAHIION CXembl TIPHIMMARTCH PADEICTRO TEW nepatTyp CeTeBO b,
prxozawmedt #3 [T cTynewy MolorpeBaresad (npa QF) W K3 CHCTEME! OTOILTERHA
(T3 = Tgo -~ Taem}. 3T0 YCJI0Bue oBOCHOBLIBAETCA TEM, YTO B 3TOM Cay4ae oT-
C}’TCTB}'H}T 'repmo,unuawmcmme NOTEPH IpH CMEeUIeH 11 H., ,!I.L-'HI Toro yrodel ole-
HHTL, IHACKO/IbRD YK}',I[HIE!HJ'[‘CH [IOKa3dTedn CMQHI&IIHOﬁ exeMhl TIpi OTKA2e OT
VCAOBMS (Tre - Ton), OhIH NPOBEACHA! PACHETE] CMONAHHOR CXEMBE LiPH JIDYTHX
reMmepaTypax {eTesoid BOIsl, weixoasuei 13 11 eryneHi. Pacuersl NPOBOIHAHT
NPH HEMIMCHIEIX 2HAUCHHAX te — 30; 35; 40 "C, onpeaeasBIUHX pacnpeseacnie
TEMAOBOH WAIDY3KH MEXAY CTYMEHAMH 1070rpeparTes. FipH KaxaoM H2 3HA-
wenmil £ NPALEMAANCE 31IaYeHus 1oy — fn — 3: 5; 7; 10; 15 °C. I'lpn arom TeM-
nepaTypa CMeraliiod Boin The, NOCTYUAOWEH B I CTYlEHA NOJOTPEBATENH, 5
MEeHAJacl B HPOKNX Ipeienax — oT 37 10 50 °C npu HeH3MeHHOH TeMIepaType
0 - 41,7 “C. 1la puc. 9.5 npescTapiersl DEIYJILTATH pACUCTa pacxoios ceTe-
BoRl BOIH W LlopepxiocTeil. Tam ke MOKasaHbl pesy bTaThl pacuera nopu Tpg ™
.ty = 41,7 “C. Kax Buano 3 puc. 9.5, H3MEHEHRE YKAZAHHLIX YCJAOBUH MaJO

RAHAET HA PACHCTHLIE PACXONL BONB! M CyMMapllylo NOBEPXHOCTH MoOrpeBaTe-
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Prc. 9.5. 3aBucuMOCTH MeXK1y PACHCTHHIMH DAacXOAaMH ceTeHoli  BOAM H MOBEPXHOCTAMH
noAOrpeRaTenel F o CMEWAHHOH  CXeMbl NIPH PAa3IMUYHBIX  PACYETHWX  VCJOBHAX Q)=
=1,16 MBr (1 kan/u):

MT.._. M= . - ¥is] °C "= P - " =35 °C P aevdr: 3 e (7= " # o o—evHr: —
0 Or’on 0.8 1 i 3o <C, rl_? var; 9 in 35 °C, rr__’sz\ar. 2 fn 40, Tr? var: 4

L} " e
In—var, Tpo =417 °C

aeit. Hsmensercs aumb pacupeasenenye nosepxsocreds mexay | u 1l cryneusiviu.
ORHAKO MHHHMAIBHAS CYMMapHAasi NOBEPXHOCTD Harpepa COOTBETCTBYET paBeH-

CTBY TemMfepatyp Try == Toy. TaKuM 06Pa30oM, NPHHHUMAEMOe MPH PAcuere cMe-
INAHHOH CXeMbl  VCJI0BHE T/s  Tau 41,7 C sapasercs 10CTaTOUHO 0GOCHO-
BAHHbIM . :

Ha puc. 9.3 npeacras/ienst pesy sTaThi pacyeTa cvellanioli cXembl npH pas-
AMUKBIX 3Havenusx 8/ Kak suano u3 puc. 9.3, npH OBLIMHBIX NPHAHMAEMbIX
R pacuere jist napajicibHOH cXeMbl 3Ha4eHHH T - 30 °C W 415 cMeiuaHHON
cxeMbl sHayeHnn 6/ =10"C B cMEIIAHHOM cXeMe 110 CPABHEHHIO ¢ napanaeabHo
pacxo/ BOAbl MeHbIue npuMepHo Ha 20-- 25 % . a nosepxHocTh mojorpepareei
Goabiie npumepro Ha 30- 40 % . Ecau ke conocrapasth ofe cXeMbl Mo pacxosam
CeTEBOH BOAL 1IPH OJHHAKOBLIX TOBEPXHOCTAX NMOJAOTpPeBaTesell WK Mo nosepx-
HOCTAM nojorpesare’ed IlPH OQHHAKOBBIX PACXOXaX BOAbI, TO OKA3bIBAETCH. UTO
CMEINAHHAS CXeMa MMEET MEHbLINE 3HAYEHUS) STHX BEJHYHH B IIIHPOKOM AHAMNA30-
HE M3MEHEHUs pacueTHBIX yCJOBHH. CyllecTBYIOT yC/TOBHS, NMPH KOTOPLIX e
CXEMbI HMEIOT OIHHAKOBbIC NIOKA3ATEIH 10 PACX01aM BOAb! H NOBEPXHOCTAM NOJO-
rpeBatened. T yCI0BHA. KAK BHAHO W3 puc. 9.3, COOTBETCTBYIOT 3SHAYEHHIO
T2 - 30 °C npu pacuere napanieabHol cxeMmw 1t 3HaveHHio 8f — 20 °C npH
pacyere CMEIIAHHON CXeMbi.

BeiGop ontumainioro snavennst 8/ 4as cMeanHol ¢xeMbl, TAK e KaK H Aa 5
NapaIebHOR, ONPereIiercs TeXHHKO-5KOHOMHYECKHM pacyetoM. PesyinTaThb
PACHETOB NPH PACX0IaX CeTeBOH BOAbI H MOBEPXHOCTSAX nonorpesaTeqeii, npuBae-
LeHHBIX Ha pHc. 9.3, nokasaian. 4To OnTHMAaJAbHOe 3Hayenue 8¢ cocTapaser 5--
7 "C, uTo HHXKe 0ObIYHO HPHHHMAEMBIX 3HaueHHi 8f - 10 °C. Kak ormeuanoch
Bhillle, 3T0 OORACHASTCR MOBLICHBIIRNCS B NOCTeHee BpeMs YAeJbHON CTOHMOCTBIO
TEILTOBOH CeT PN HEH3MEHHON  YIASTHHOH CTOHMOCTH noaorpesareneii.
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w22, METOOAHKA PACUYETA PACXUUA CETEBOH ROJAK HA TOPAMEE BONOCHABAKEHHE

INapaMerphl NOAOTpeBaTeneli ONpeleasioTes K3 VCAOBHH DACUETHOIO DEXH-
Ma. 1. e npu Q. - Q¥ nfy - tu

R d
o R | —— o , (9.32a)
"ARLE Mep )/ Wy W
kF ~'
o | - | (9.33a)
A LA Atep |/ Wi (Wt W)

[ lapameTpLl nojorpesatenedi Moryt OhTh BIPAXKEHDLI TAKHKE Yepes remMnepaTypel
TERJAOHOCHTENEH NPH pacyeTnnX YCIOBHAX.

Iast Il cTyneHn noporperdTeds ¢ yHeToM YCIoBHS (9.24) M BbIpaXeHHy
(9.276) noavyacm

By —— T - Toa L B0 (T, —Tan)s (9.336)

11
Al
i _
rne Afl onpeiessercs no HaBectHRM TCMASPATYPAM Ti, Ta, 4 u BL
Has | crynenw -nogorpenateis ¢ YYeToM TOCO, 410

- Qr q 0\1 Q! g pu 3 .
D_T_ W: ’ or : it = ::"— T “‘“lj:_ l’ I" -I.l . {9"34}
ot, T) — 7oy o, 3,
rie
. Ty "Tar ty = Ly
Qo = 8t} g i T
4 TaKKe ¢ yyerom veaorns (9.24) w pupaxenns (9.27a) noaydaem
T ﬁ‘f-— fa -
Dy - — - S . (9.346)
o8 . ’ P ﬁ'r'; X p"[ . r]w_ I.:s 6;15, !

Beauudna Atip Dle‘.,LlB.lEﬂETCﬁ [0 MIBECTHBIM TeMilgparypaM Tows iy B
4 TaKKe 10 TeMnepatype T,. KOTOpas HaXoAuTcs No Qopmy.te

2 |
1;2 [fl—fz'] ( : i )—T:; {T;.‘!—Of-'tg)
. - p (9.35)
—-3[-)» (y—fg)- 0y 15y O
0

Pacxojn ceTeBoit BOABI HA TOpAYEE HONOCHAOMKEHMWE (IPH PATHUULIX HaDYKHBLX
TeMIepaTypax H HATPY3IKAX Topsuern BOACCHACKEINA ONpPeAessiere B3 peile-
HHA CAeLYIOWel CHCTeMbl VPaBHEeIHH:

Tenaonad Harpyika Il crynewn

Qll "B W”H (-tl = fn) : Wﬂ lrt] _'fn} i IlV| {Tl'— tu:’)‘: {g'db)

tenaopas Harpyska [ cryncin _
Qi — &1 Wiy (Tye ~la)— Wallu —1h), (9.37)

yPABHEHHE CMELUCHHS
Wi Tra =+ w,ru Tye— (W1+ WU) Liem: {9'38}
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B (9.36) n (9.37) Wi W\ - MeHbLIHe 3HAYeHH$ PACXOJIOB, NPOXOUANLHX Ye-
pe3 Il u [ cTynenn nojorpesarteds. Ty CHCTEMY yPaBHEHMH pewiaioT, 3agaBast
pacxon Boasl W . n onpegeasis no qopvysie (8.9) 6eapasamepHbie XapaKTePHCTHKI
NOJIOrPeBATe e €1 U €)1 [10 H3BECTHBIM 3HaUeHHAM @ 1 W . B npuBeeHHbIX Bbilie
yeTHIpeX YPAaBHEHHAX COAEPXKATCs 4YeThipe HeH3BeCTHble BeMHUMHBL: [, I, T,,
Toewm. VI3 pEIIEHHS CHCTEMbl ypaBheHWB oupepensiercs . Ecam 1, 5= 60 °C,
TO pacyeT NOBTOPHeTCA NpH aApyrom 3Havenun W,.

ITo npusegennoli MeTOAHKE ObliM NPOH3BEAEHBl PACYEThl PACXOMIOB CeTesoH
BOJ/ILI M TEMMeparyp B 06paTHOMH JHHHH TENJ0BOH CETH MPH Pa3aHYHBIX HAPYKHbIX
TemiiepaTypax W CPelHHX Harpyakax ropsiyero solocHabxeHus. Pacyerhl npo-
MABOAMINCH AJst ABYX TennoseiX nogctaHuuét ¢ p¥ = 0,66 u 1,25. 3navenusn
0 MpH cpeaHell Harpy3Ke ropayero BOJ0CHAOKEHHS COOTBETCTBEHHO COCTaB/AH
per = p%/2.2 = 0,3 wu 0,57. AHanorquHblie pacyeThi OblIH MPOBEASHBI H AJIH
napaniesbHOl cXeMbl BKJ/IOYeHHs1 nojorpesaresieii. Pacyersl NpOBOAHIHCH NPH
149 - 20 °C pas napaiteasHol cxems u npu 87 - 10 °C gaa cmemanno#t cxe-
Mbl. Pe3y.bTaThi pacyeToOB NOKa3LIBAIOT, YTO BO BCEM [HANA30HE H3MEHEHMsd Ha-
PYAKHBLIX TE€MIEPATVD PacXo] CeTeBOW BOAbI NMPH CMEIAHHOH CXeMe JI1s1 yKa3aH-
YbIX Bbillle HACPY30K 1'OPAYEro BOAOCHAGHKEHHS HHXKE, YeM NpPH NapaJsiie]bHOH
cxeme, Ha 9—14% 1o OTHOWIEHMIO K CPeIHE3UMHEMY DACXOLYy CeTEBOH BOALI TIPH
CMeIlaHHol cXxeMe, a4 Temnepatypa o6paTHoil ceTeBOH BO/Ibl NMPH CMEIIAHHOH cXe-
Me HHMKe, ueM npu napaagenbnoli, npumepHo Ha 4,4 u 8,3 "C (cooTBeTCTBEHHO

npu p® - 0,3 u 0,57).

NMpumep 9.2. Paccunrates pexdMbl paboThl TEIJIOBOR IUACTARIUKH C JIBYXCTYNEeHYZ-
TOW CMellaHHOH CXeMOH BKJIOYeHHS nojorpesatedefi s TeUeHHe OTONHTENLHOrO Ce30HA NMPH
cpeIHel H MAKCHMAJbHOH Harpy3kax ropsivero BojocHabxenus, HcxoaHble faHHBIE Te XKe,

yto ¥ B npuMepe 9.1,

PewmeHune.
I. Onpeaesenne napamerpos nogorpesatenefl ropsiyero pojocHaGkeHusn (MpH Iy =
= =2.5°% u p* = 0,66). [praumaenm negorpes Boabl B 1 crynenu nogorpesateas 81 =

= 10 °C. Ilapamerp nogorpesatean I crynenu npu 1y == 70 °C; To2 = 41,7 °C; ty = 60 °C;
8t = 10°C; Atll = 10°C no dopuyae (9.326)

1
dyy TEV(H{}-—4I,?+10} (70—41.7) ==2,83.

Onpegensem ¥, mo dopmyae (9.35):

Y

15,5
41,7 (60 —5) (—' -i-l.)—?{] (41,7 —105)
) 44.0,66
Te =5 << ING M.
Dy :
— (60 —5) =- (60 —41,75-10
sa.0.06 0o e
Cpeansisi passocTh TeMnepaTyp B noforpesateie I cTylleHH
i (28,6 —5) —(41,7—=31,7). .,
o 3.6 18,8 °C,
2, 31pg———
3 1g 0
[Mapamerp nojporpesarens I ctynenu mo ¢opmysc (9.336)
41,7 —10—5 '
0, - — 1,17,
© 60—5 I 60—41,7+-10 44
15,8[/ — — ! )
80 \0.,66 60 —5 15.5)

2. Onpegencine pacxoloB ceresoll BOAbB Ha ropsuee BojJocHalxenue.
TMockoabky B popmynax (9.36)—(9.38) npeacrasieHnl aGcoqMOTHbBIE 3HAYEHHA IKBHBA-

JeHTOB PacXoZOB, NpuMeM aas pacuera 3nauenue Qo = 1,16 MB7 (1 'kaa/u). [pu sTom
Q°P = 0,35 MBr (0,3 I'kaa/u); QF = 0,765 MBr (0,66 I'kan/u); V, = 12,5 MYy, VP =
= 5,45 m¥y; V)R = 12 wm¥/u,
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L

Onpeneanm suavciunst Vo npn f = —26°C, ¢ = Q' » @ = QL.
a) Q = Q¥ = 0,765 MBr (0,66 I'van/w); Vi, = 12 m%u.

3agaemca pacxcjoMm soan Ve = 3 MYy,
Ounpegensiem mo gupmyzam (8.9) swavesws ) W €0

—e— - |04,
N I 1 4
0,38 — - .6B5d- —=- Py
2 2.83 12

Epp -

TTGCKOABKY £,; HE MOMCT IpUBlLwats 1, ApuHuMaeM &, = [;
I 1 ’
l

81 oy y
I 12

T 15.5

12
35 65
e

Ma ypapHerHil (9.36)
1'3“50 zIIJ:;IQHI_'tl]}'-
1.3 (150 —tg) - B (150 —Tr).

s ypastieunst (9.37) 0,587 12 (typn — 5) = 12 (4, — 5}
M3 ypashenns {0.38) 3ty + 12,570 = (12,5 | 3) Taex-
i3 9rnX eTHMPEX YDABHEHHT ONDPeIeAHTCHA YETHIPE HER3BLLTULX! [y 40,5 °C; Xpp =

= 40,5 °C, Tgeym — 64,3 “C; £, = 67.7 °C. ITockoasKy f; uprsuuraer rpefyemoe 3RadeHue

60 “C, aagjaemcst HOBNM, MeHuIDHM 3HAYCHHEM Vr,

Mpunumaem Vi — 2,2 vy, Tlpu stom

t

BII_"_: ol A — il 1].“
2,2 | 2.2
0,35 == 40,65 — ==
v T 2 .81 12
lpuramaes &, = 1. lpn 370M
- ] - 0,385,

tp— i e

/12
14.7 .

12 5]
0,35 — |- 065 l;
117 F

4.7

Ypaeseuna (9.36)-—(9.38) npruavamr B

] ‘2.9(1!%0_{") tzilg'__lu};

1.2.20180—7,) 2.2 {160 v}

0585 12 {Typy —5) = 12 (£, —5);

2.2 T —12,0:70 - (12,5-] 2.2) Tyupn.

OTCH);LEI !'" == 40.5{:(:; Tya =7 40,5 £ Toem - 6‘5.:1 U{:'. tl - 6”15‘:\(;
NockanbKY NOAYYEHHCE 3HaYeHne {, Canako K TpeBVeMOMY, 12.TbHERLIRI0 uepeederd e

ITPOH3BNTHM.
6) Qe = Q% - 0,35 MBr {0,3 I'ran/u), Vy == 5.45 w3y, 3azaemesn Vi, == 0.4 m¥/y,

Onpeneasem no dopmyne {8.9) znaucumws &, H &

s ! = = 1,3
. I A
Oﬁ;’;%ﬁ—ﬂ,ﬁﬁ—f—m 545
(npuawmaev e == 1);
By l VT = 0,738,
5,45 | 5.4°
0,15 72_;' 40,65 .5 1‘1?1/ 2.0
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CuereMa YpapHeHHH NpRHHMAeT crefyomxd REf:
1-0,4 (130 — k) — 5,45 (¢, —£,);
1.0,4 (150 ==} -~ 0.4 (150 — Trs);
0,748.5,45 (Toem =—5) = 5,45 (fn —5);
0,47p + 12,5.70 — (12,5 -~ 0,4) Teop-

Oreiona fy == 52,7 °C; Ty = 52,7 °C; 1w = 69,5; £ = 59,9°C.

TockoabKy 3HaYeHne f; GAHARO K 331aHHOMY, AWJILHCHIICTO NIEpecieTa He NPOH3BOIUM,

AHaNOrn4ilo TPOHABOAATCA PACHETH NPH APYTRX HAPYKENX TeMTepatypax. Peayabra-
Tl 3THX pacYeTod NpHseneHH B Tabmaue.

9.3. PACYET ¥YCTAHOBOK CO CMEITAHHOH H MAPAJIJE/IbHON
CXEMAMH HA 3BM

Kax coepyer ua npegsifyillero naparpada, pacyer nepemMeHHbiX pexuMon abo-
HEHTCKHX YCTAHOBOK €O CMeInAaHHOH CXCMOH jJaxke NPH HeH3VeHHOM pDavXoje ce-
TeBOH BOjel Ha OTONJRIHE ABJASETCS JOCTATOYHO CaokHbM. O TpebyeT pelueH s
cHCTeMBI VPaBHEHHH H UPOMABOAMTCA METOAOM TOCJeLOBATE/MhHbLIX npuHanxKe-
Huit. Mexy ToM B YCTAHOBKAX ¢ MAPALIETHHOH W CMCMEHHOA CXeMAMH Pery.isi-
TOPHL PacXoid, Kak NPAagHI0, HC VCTANABIHBAIOTCSA H HACPY3KA OPAYETrO BOIO-
CHADeHHA OKA3LIBACT BJIHAHHE HAa PAcTioNaraeMat Hanop B CE€TH, 2 C1e10Ba-
TEJTEHO, H HA PACXOAB! HOARI B CHCTEMAX OTOMAEHHA. ¥ YET 3TOr0 YCIOBHA 3HAUH-

I
Spt

r ‘
W | e

@,#8 qre#d
(4 Lo
df-‘f AHET g td ACT duﬁ% !Aﬂ
i} ¥
2) X &)

Puc. 9.6, [IpHHUMDAABHER CXEMA TERNACBOA CETH K TeNNOBHX TMOACTAHIHA ¢ ABYXCTYNEH

"YETOR CMEUTEHNIGA CXeMONl BKMOYEHHA MOACTPEBATE el TOPHYEre BOLOCHAOMCUHS U Nbe3o-

MUTPHUCCKAE FPabHKd IPH YOTAHORKE Ha RBOJIE DETYAATODA PacxQid (a) M Ge3 perynaropa
pacxona (6)
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T&/IbHO OCAOXKHSET pacyeT PeHMOB paboThl YCTAHOBOK CO CMEILAHHOH CXeMOH.
[nsi petieHns 3TOH 3aauu paspaboTan aJTOPHTM pacyeTa MepeMeHHbIX PEeXHMOB
YCTaHOBOK € ABYXCTYNeHuaTol cmernannok cxemoil. 1o paspaborannoi nporpam-
Me MOXET MPOH3BOAHTRCS PACUeT TeVIOBLIX NMOACTAHUHH Kak NPH HaJAHYHH pe-
ryJATOpa pacXojla nepej CHCTEMOH OTOMIeHHS, TAK H NPH €ro OTCYTCTBHH. Y4H-
TBIBAIOTCSA I'HIPABIHYECKHE XAPAKTEPHCTHKH TeMJIOBON CETH H TEIIOBOH MOACTAH-
UHH H H3MEHEHHS pacrnosaraeMblX HaroOpoB Ha TENJIOBOH MOICTAHUHM HPH H3-
MEeHEeHHH Harpyskmu ropsuero BoAocHaGxkenusi. HacTHBIMH C/Iy4asiMH CMeLIaHHOH
CXeMBl fIBAAIOTCA: mapatiteabHas (0pu nosepXxrocth | crynenu mojporpesarens,
PABHOM HYIO) H TaK HasblRaeMas «3aBKJIOYEHHas» cxeMa (npH nmosepXHocTy 11
CTYNeHH nozorpepareds, paBHod ny/mo). O6e MOZH(pHKAUHH TaKMXKe PaCCUHTHI-
BaloTest 110 paspaborannoii nporpamme (16, 21].

Ha puc. 9.6 npeacrasaena npuHUHNHAIBHASR CXeMa TeNJOBOH CETH H Tenso-
BOH MONCTAHUMH A7 JABYX CJaydaeB: npu Haiuyuu PP (puc. 9.6, ) u npu or-
cyrcreun PP (puc. 9.6, 6). Tam ke yKasaHhl COOTBETCTBYIOILHE MbE30METpHYe-
CKHe TpapHKH NpH pacyeTHOM (HouHoM) pexxuMme (Q, == 0) M npu Ha UuHM Ha-
rpy3Ku ropsiyero soiocHabxkeHus (Q. = 0), a Tak:ke OCHOBHble 0603HAYEHHS.
B ofiluem cayuae npeaycMoTpeHa RO3MOXKHOCTh VCTAHOBKH Ha TENJIOBOIT NojCTaH-
UHH ABYX APOCCENBHBIX 1LAHO ¢ 3aZanHLIM  COMPOTHBJEHHEM, YKa3aHHBIX
Ha CXeMme.

9.3.1. THIPABJIHYECKHH PEXHM

B ren/iosoft cerH ¢ aGOHEHTaMH, IPHCOEHHEHHBIMH 110 IBY XCTYIIeHUATO! CMe-
UaHHOH CXeMe, yBelHueHHe pacXona ceresoii Boasl Ha 1] cTymens nogorpesare-
JiSl OPHBOJAHT K YBEJHYEHHIO PACX0la BOILI B CETH H K CHHKEHHIO Pacno/araeMo-
ro Hanopa Ha TeVIOBOH MOJCTAHUHH. ITO CHIXKEHHe Hanopa TpH Haauuuu PP
He OTpaXkaeTcsl Ha pacxojie BOJIbl B CHCTEMe OTOILIeHHs 0 TeX nop, noka PP npn

onpejle1eHHOM MHHHMAJILHOM Mepenaje AaBieHnit Ha BBoge Ahg" He Gyner oT-

KPBHIT nosHocThio. [Ipu MenbiueM pacnionaraeMom lepenaje faBjeHHil, a Takxe
npu orcyteTBEd PP Ha BBOsIe pacxon ceresoit Boawl Ha 11 crynens nogorpesatens
BJAHAET HAa pacXol BOJAb B CHCTEME OTOITEHHS.

Ilpn BbIBOZE OCHOBHBLIX 32BHCHMOCTEH 151 pacyera THAPABIHYECKOrO PEXH-
Ma TernJIOBOH MOJACTAHIHH NPUHATO RONYILEHHe, YTO TenJoBas HArpV3Ka cocpe-
AOTOYEHA B OIHOM TOYKE, pacrojaraeMbli Hanop B KOTOPOH MPH PacyeTHOM pe-
KHUMe (T. e. IPH OTCYTCTBHH HAIPY3KH ropaverc BOLOCHaGKeH )

A=A, —S, V2, (9.39)

rae Ac; — pacnonaraemblit HANOP HA CTAHIUIH HAH B TOYKE CETH, B KOTOPOI pac-
MoJaraeMpl Harmop MOXHO CYHTATh CTaOHJbHBIM. HE 3aBHCALUHM OT HATPY3KH
TOPAYEro BOAOCHAOKEHUSA; S, — CONPOTHRJIEHHE CETH OT 3TOiH TOYKH 1O TenJI0Boil
MOACTAHUHH; V,, , — pacueTHbI pacxoi BOJALI HA OTONAEHHE, HMEIOUWLHH MecTo
npH OTCYTCTBHH pacxona Boiwl Ha [l cTynmeHb nogorpesaTenasn.

B ofmem cayyae npy pacxoume cereBoit Boasl Ha II crynens Vi pacmonarae-
MBII Hanop Ha BBoje '

_, Aps =Acr—S (Vo + V), (9.40)
rae V, — pacxon BOAH Ha CHCTeMy OTOM/IeHHs. B gacTHOM ciyvae npu ycraHos-
Ke PP 1 Q.62 Asg Vo = Voo

Breaem cieayoiie 0603HaYeHAHA OTHOCHTEBHBIX BEAHUHMH: ¢ = V ./ Vo.pi
n=Vn/Voop y= Als/Ac; a = A,s/Als.

PasjiesiiB ypasrenne (9.40) Ha (9.39), ¢ yvyeroM NpHHATHIX 0603HaYeHHH 1o-
JYYHM C/eAYIolllee BbIpaXKeHHe:

am?lll —(1—y) (p+nyl. (9.41)
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B YaCTHRIX Cayyasax npu yctaHoBke PP p Ay = Al ¢ = 1 npu iy = |

= 1, T. e. PacioJaraeMulit HATIOD HA BROJIE HE 3ABHCHT OT HATPYIKH IOpPAYery
BDILOICHEG'}KEHHFI.

PaceMOTpHM 3aBHCHMOCTL pacXoja BOIL HA CHCTCMY OTOMJIEHHA OT pacxoja

Bofb! HA [1 cTyneds nojorpesaredas, T. €. 3aBMCHMOCTD ( OT 7 NIPH oTeyTCTRHH PP

(puc. 9.6, 6).
Bne,u.em CACLYIOLLHE ﬂﬁoandueanﬂ cuupuma.lennu B TPAKTe CeTEBOH EO,IU:I,
yRasannux takxe Ha pHc. 9.6: S, - conporHBIeinne OTONHTENbHOH CHCTEMLl

(3nesaropa); Skr Sk: — conpoTupienms MexTpy6uoro npoctpancrsa 1 u 11
cTynerel nogorpesatesi; Spy — CONPOTHBJAEHHE NOJAHOCTHIO OTKDHITOrO PEry-

JSTOPA TEMIepaTyphl; Sfu. biu — CONMpOTHBACHHUS HIANG, VCTAHAB/IHBAEMBIX B
ofilueM ciayuae nocaeaosareanio ¢ | u 11 eTynenaMu nogorpesares.
O603HauHM:

Sl gl.
Sil—- Sm i Su'h” {9,42)
SII Fr— Sﬂ.l _]"SEI +SM’T

[}THDCHTEﬂbHHE CDHDUTHBMEHHH:
S =S,/(S+ S S1==81/(Ss+S1): Sg+—Si— 1! Su=31/(S,+ S).

[Ipu atHx obo3HAYSHHIX 3aBHCHMOCTE 1p OT 71 BhIpaxaercsi vpashenHew (3.8).
[Toscrapass B 370 Bhipamenue sHadenne a w3 (3.41), noaygaem

s —n(1—Seiy+V 18, yn (1 =3, »). (9.43)

Onpencanm npenensHuil (MAKCHMaRbIIO BO3MOXKIIBIH) OTiHOCHTeABULIH pacXoy po-
as Ha 11 crynens n"P® npu qoanocreio oTkphirom PT. Tpu napanienstom co-
eNHHEHHH CHCTEMBl orTomnyeHust W LI cTynmeHH nmojorpepatensi, HMeKIleM MeCTO B
CMELIAHHON cXeMme,

S,V =Sy (Vire), (9.44a)
H/JIH

§0 (pg e §I] (ﬂ“p{"a’)z. (9,446)

Mz cosmecTHOroO pewenis (9.43) u (9.446) naxoauMm

nPER = s” (9.45)
]/ +2l/-— (1=3 ) +(1 =35 )
Pacnonaraemelfi Hanop Ha BBOZE NPH PAacueTHOM peKUME
Abg =(S,+S)V3,. (9.46)

[Ipy ycTEHOBKe Ha BROJIE PervJaaTopa pacxoia sHaueHue a"PA  anpejesser-
CAd H3 peweHHs ABYX YPAaBHeHHH: YPABHEHHA THADABJIHYECKOTO PeAiMa CeTH
(9.41), a Takxke HIDKecaeAylollere YpapHeHHA MHAPABIHUYCCKOTO PeXHME Ten1o-
BOH NOACTAHIHH!

Ag=8i Vo + VP + Su(ViPY, (9.472)
HaH ;
Ayg =V2.o[S1 (1 -nmpert | Sy; (nveays), (9.476)



U3 cosmectHoro pewenns (9.41) u (9.476) nomydaem
—($1+K =)+ VS FKO—gF =[S +Su +K 1=9)] (51=K9)

pupes — (9.48)
Si+Su+K(1—yp)
rae
.
¥ Vo.p)?

ITo ypaeaennio (9.48) onpeneisieM n"PeA, mosyyaesoe NPH NOJHOM OTKPLITHH
peryJstopa TeMneparypsl H ¢ == . PaBeHCTBO () = 1 BBINIOJIHAETCH JHlIb [PH

Agg == A" TToaToMy moc/ie onpeseneduss n™eA no ypasnerHwo (9.48) Haxoaum
Agg 13 (9. 41) I conocTaBiseM ¢ 3ajaHHBIM Alg . Ecau A, == Alg', To omnpe-
aenenHoe W3 (9.48) sHavenwme n"PA momer 51:.11!: noctuinyto. Ecin Ay <
< AW™ T0 npuusarde ycaosue (n = n"eR y ¢ = 1) He obecneunBaercs. B
sTOM cavuae n'™eA onpeacnsiem n3 ypasHeHHA (9.41) npu ¢ = | o = ¥ =

= Al4g"/Als, npu s3Tom PT OTKpHIT He NOJHOCTBHIO:
e = — 1 4 V(T — g ) /(T —y). (9.49)

Jmamerp comJia 3JjieBatopa OnpejessieM MPH H3BeCTHOM 3HaueHHH S, = S;,
no dopmyae (2.15).

9.3.2. TENJOROHA PEXHM

[Ipu pacueTe TENJIOBOrO DeKHMA OMPEESAIOTCA TEIJIOBble HArPY3KH H BCe
TEMIIEPATYPHl B CHCTEME OTONVIeHHs M O0eHX CTyNeHfX NOAOrpeBartes ropsye-
ro BojoCHaGXEeHH:A.

(gelllzJ;OEaH Harpy3ka CHCTeMbl OTOIIeHHA onpeneaserca H3 gopmya (8.11)
u (8.12):

. Wo (T, —1s) .
Qo= 0,54 u Wo (3.50)

- Cl—
14-u P, Q02
Tenaosas Harpyska 1 cTyneHH

1
(Tacm —fa2) {l —exp [_kl Fy ( W

1 1 1c - u:a )]} t (8.51)
= A )

Qs =

Tenaosast narpyska II crynenu

l
(‘cl-—!u){l—exp[f——kn F’] ( —_@_ }
I - (9.52)

| I !
_— exp| —kpFyl = —
Vi Wy { ' LT Wa )
M3 ypaBHenH# TensoBoro 0a.1aHca OMpeNe/soTes TeMnepaTyphl TeJIOHOCH-
TeAel Ha BLIXOAE H3 IOJ0rpeBaTe/ed:

Q=

fn — tg ‘i' i ? (953)

PR . | B (9.54)
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Ha comectHoro pemenns (9.52) u (9.54), a raxxe (9.51) 1 (9.53) noayuaem
OCHOBHBIE YDaBHEHHA, 3a10MEHHBIC B AJTOPHTM pacyera.

tn { l—-exp[ — ke Py (WL”_T;'{_) “ +

f Wi - .4 1 1l
+Tr2] w, exp kIlPlIL o 7 1}

=1 eXp [—kn Fir ( Wju — lt'fla ):I L E;?: ——l); (9.55)
tn{exp[a—klﬂ( Wic — &lg ]]_ :;: }—‘r
+ Taon | 1 —exp [ 1 Fu{ Y= (1m) 05

YpasHenue cMeniCHHA MOTOKOR CeTesol kol neped | CTYMeHst0 10/0Tpesa-
Te s

W T+ Wt -~ Woy Tocu: (9.57)
M3 COBMECTHUro peilleRHs CHCTeMbl ypasrerud (9.55)—-(9.57) ompeneasiem
fny Tigs Toowme
8.4.4. PACHET KOO $HILHEHTA TENJONEPEAAYH

Kosbdbnunent TeIOTIePeNaun No0rpeBaTened oupeIeasercs N0 H3BeCTHOMY
YPaBHEH HIO

- B : (9.58)
] , 1 Beor
—
a_'.\{'r q"y }.[:1'

rae B yunTeisaer cHEMEHHE KO(pdHUHEeRTA Tenaoncpeaan BCAEICTBHE 3ATDHS -

Hewus TpPyOOK.
Koadxpiuuentsl TEMNI0OTAAYN OT IPerillel BaIbl K TPYOKaM iy, H OT TpyboK

K HarpepaeMmoil BOje . OMPEIeJAIOTCA N[O KPHTeDHAJNhHRIM YDABIEHHAM [IpH
TypOyJIeHTHOM DEXHME TeUeHHH MXKHIAKOCTH:

Nu=0,02]1 Re0.8 Pr™.43, (9.59)

e NLI = (I.d,-"lj'u; H_C == m!d‘f‘v; Pr == v/a.

Mu3KTeCKHE MaPaveTphl BOARE V. &, v H Pr onpeseasores NPH CPejHed rem-
neparype sojibl. 3raueine d IPH PACYETE Xy;, MPRUEMAETCA PABHBIM AXRHBAICHT-
HOMY ZHAMeTPY . 4 NPH DACUCTE G, - PABHbIM WRYTPCHEEMY RHZMeTDY TPy-

Gok d,.
9.5.4, 3AJAUYH H ANrOPUTM PAUYMETA

Paspa6oransas nporpamwa [16, 211 nossoaser pelurs npH TOG0H Hapy KHOH
TEMNERATY[e OAHY H3 CAEAVIOUIHX TpeX 3ajlad:

1) onpenesenue BHYTPEHHEH TCMIEpaTyphl OTANIHBACMBIX FIOMEILER U NIPH
4aJAHRBIX PAcXOe CETEBOfl BOALL d TeMneparyploM rpaguke cetw;

2) onpeneienye TPEOYEMOr0 Pacxoia CETEH0H BOIAbl HA CHCTEMY OTOTACHHL,
ofiecneynBAIOLIEro 3aIaAEHYK BHY TPEHHIOIO TEMIEDATY Py UPH 33JaHHOM TEMIOepa-

TYVpHOM tpatpiKe CCTHS
3) onpeneienne TpelyemMoro TemMmepaTypaOro rpaduka, 00ecneudBaKilICro

AajAHHYK) BHYTPEHINOIO TeMNepaTypy NpH 3aJaniioM pacxoie CeveBod BOIH HA
OTOTL/IEHHE.
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Mpu pewenun nochenux ABYX 3ajay W3BECTHO 3HayeHne Tpefyemoi BHY-
TpeHHell TeMrepatypel f, . W OJHONl M3 ABYX BEeJHYHH! pacyerTHOro pacxosa
ceTeBol BOIbI V., HJTH TEMREDATVPLI B CETH T, ; MPH 3TOM BTOpas BeJHYHHA 3a-
NaeTcsi TpoH3Bo/bHO. [IpH pelneHHH NepBod 3ajau¥ M3BeCTHH Vo, B T, 2
TeMneparypa  , 3a1aeTcs NpeaBapHTeNLHO MPOH3BOILHO. OnpejeseHne HCKOMBIX
BEJHUHH TMPOH3BOLHTCH HTEePALHOHHBIM METOAOM B LIPOLlEcce pacyeTa Beel TenJsio-
poit noxcranitin. OAHOBPEMEHHO ONPE/IENAIOTCS BCE NnapaMeTpsl (pacxofbl, TeMm-
nepaTypbl, KO3(bHIHEHTEI TenJonepeaayt, NOTepH HAMOPA) B XapaKTepHBIX TOY-
Kax CXeMmkl.

Pacyer TenJOBOH NOACTAHLUMH COCTOMT M3 CJEAYIOHIHX OCHOBHBEIX 3TaloB,

a) pacyera MpPeNeNbHOTO PacXoia ceTeBol BoAw! Ha I1 cTynenb noporpesartes
H3 YCJIOBHI THAPABJIHYECKOTO PEXKHMA TeNJ0BOH CTAHLHH;

6) TEmJoBOro pacyera TeN/JI0BOJ MOACTAHIMH (OHA HTEPALHs), BKJIHOYALOILEH:
pacueT cucTeMbi orTonsenus; pacder I u Il crymeHeit mozorpesare.tss ropsiuero
BOJOCHAGHEHHS (MPON3BOAHTCA AJisi BCEro AManasoHa CYTOUHOro rpadiika rops-
yero BOJOCHAOXKEeHHS); pacuer CpeHECYTOUHOH BHYTPEHHEH TeMIlepaTyphl oTan-
JHBAEMBIX TIOMelleHHi [, H YBS3KY €€ C HCKOMOH BeJIHYHHOM;

B) TH/P@BJHYECKOrO pacyeTa TernJioBoil TNOACTAHUWK.

Jlns pemenusi yKasaHHBIX 3aj3a¥ COCTAB/eHAa €QHHAasi Nporpamma Kak MnpH
ycranoBke PP Ha TensoBoii MOACTAHUMH, TaK H MPH €ro OTCYTCTBHH.

9.4. IPUMEPDBI PACYETOB 110 PASPABOTAHHOW NPOrPAMME

Npumep 9.3. OnpeeanTs pacueTHbli pacxod BoAs Ha otondenne (#a BBoa) Vo p
NpH NepBol M3 3aIaHHBIX B KCXOAHBIX JaHHBX HAPYXHOMH TeMNepaType fy M peXXHMbl paGoThi
NPH BCeX OCTANbHLIX TeMmepatypax fy (pewenue 3apavum 1)

Hcxopnue ganHue: pacyeTHas Harpyska OTOIVIEHHA Qo = 1 'ran/y; napamerp cucre-
Mbl 0OTONACHRA Dy = 15 500 kkau/(v-°C); pacueTHEIK pacXo] BOAL NPHHAT NPEABaPH TEJbHO
paBHEIM V, p = 12,5 M%/u; Ko3(ihuLueHT cmelleHKs 3JNeBaTopa # = 2.2

ia BBOZe ycTaHOBJEHB PeryAsiTopbl pacXoAa H TeMnepartypsl Tena PP-100 ¢ conpoTus-

AeHHEM NP NOAHOM OTKpuTHH Sp , = Sp . = 0,0015 M- u?/n8,

CpeaHsis Harpyska ropsivero pogocHaGxenust QP = 0,5 Tkaa/y; QP/Q; = 0,5.
TMpuusT cAenyOWnil CYTOUHBLT rpadHK HATPY3KH IOPAYEro BOLOCHAOKEHMS:

Qr:(].......-.-.....;.....-...-.6‘[
Qr:Qﬁp.................-.......104
szl,sQﬁp......................... 44
B § B . o s s o § Bd EE B § EmE g AN

TemnepaTypHbill TpaQHK B nojaomeii JHHHH CeTH PACCYHTAH Ha NOKPHTHE COBMECTHOM
HATPY3KH OTOTJIEHHS H TOpAUero BOZOCHaOXKeHH A, NPHCOeIHHEHHOro 0 nocJaenoBaTelbHOM

ABY XCTYNEHYaTOR CXeMe ¢ OTHOUIRHHEM (p = QP/Q, = 0,25:

B B0 .z pmg sws o w pomw mose wom V) —15 —10 =5 0 -5
o %G s v ow wmmmame me s wh s BB 150 122 109 96 83 70

TlosTomMy pacyeTHb# pacXoj BOLE HA OTON/IeHHE Vo.p B p;:iuaoﬁ 3afaye ROJKeH Onpe-

’ A
aeasThes NPH By = —26 °C, a He B TOYKe H3J0Ma rpaduKa NpH fn = +-5°C. Ha BBoge ycra-
nopJen nojorpesateas Dy = 219 mm, Z; = Z;; = 5. Pacuernuif pacmoaaraeMunfi Hanop

y abonenta AP, — 60 M. Tlpunsita ceth ¢ Goapuok rUAPaBJAHYECKOH yCTORYHBOCTRIO, T. €.
Agp = 65 M (y = 0,923). MuHuMaJbHbIl nepenag JgapaeHuit y aboHeHTa, NPpH KOTOPOM MOJ-
HOCTLIO OTKPHT peryasTop pacxosa, Ajg" = [2 M, MHEHMaJAbHLIA Hamop Ha 3fepaTope

AMIM = 8 M. -
3

PesyabTaTel pacyera NP TpexX 3HAUEHHAX TeMMEpaTyphl HAPYKHOrO BO3fAYyXa Iy =

-~ —96, —10 w 5°C npeacrasienn B Tabauue. Tpebyembiii pacueTHbd pacXod BOABI Ha

otonaenne Vo.p = 12,6 M3/u. Ilpu oM pacxoje no Mepe yBeJHYEHHS HAPYXKHHX TeMnepa-

Typ TPH VPHHATOM MNOBHLIIEHHOM TeMIepaTypHOM rpaduxe pacreT TeMmepaTypa BHYTDH
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[HOMellenH s, IOCTHTaoNas MakcuMaabHoro snatenys 19,9 °C npu ty = 5°C. [lpepeavuuit
pacxon cetesolt Boawt na 11 cTymensb nojorpeBares ViPeR = 28,2 M%/u. MakcHMaJbHHH

pacxon soant Ha Il cTynens npu fy = +5°C Vi = 18,3 M3/y, T, e. peryafATOoOp TeMHepaTyphl
OTKpHIT He MoaHocThio. Ha 3To yKasbinaer Takke To, 470 Ap.r & Ap.x. Hanop Ha BBoje npu
ty = 5°C u Q' cHHxaerca N0 34,7 m.

Mpumep 9.4. PewnTh Taxylo Xe 3apady MPH OTCYTCTBHH Ha BBOAC peryasTopa pacxoja

(Sg,p = () u pacnoJaraeMoM Hailope CTaHUMHH Aer = 74 m (y — 0,81). Pacuer npoussectn
npH TeMIepaTypax HapyKHOro Bo3ayXxa ty = —26, —10, —5, 0, 5 °C. OcranbHble HCXOAHBE
naHHBle — KaK B npuMmepe 9.3. PesyabraThl pacyeToB npeacraBieHst B TalaAxle cieBa.
Tam e A1H coONocTaBJeHHA NPHBeAEHH Hexo'ropue‘;/)eaynb'ra'm pacuera npumepa 9.3. On-
pededeHsl PacHCTHHA pacxol BOJA Ha oTOM/IeHHE Vo,p = 12,7 M%/4, npenenbHuI pacxox
cetepoit Boast Ha 1 crymens Vi = 26,4 M?/u, anameTp consna sJiepatopa dg = 11,84 MM
(onpeseasscs ToAbKO Npu nepeofi Temneparype fy = 26 °C). Ipu MaKcHMaJabHOM HATPY3-
Ke ropsyero sogocnaGkenua Vi — 20,4 M3/u, T. e. PT oTKpHT He noaHoctsio. Ilpu sToM

pacxoj BOJAE HA CHCTEMY OTOIIEHHA CHHXKaerca A0 Vo = 5,95 m*/u. Hanop na tennogoit
noacraiuke cuuxaercd Ao 13,9 M. [IpH npHHATOM TeMrnepaTypHOM rpadHKe H NMOCTOAHHOM
pacxone Vo == 12,7 »*/4 no Mepe pocTa HapyXHO# TeMneparypst o1 —26 a0 5 °C BHyTpen-
HAf TemmepaTypa yBelWuwpaercs ot 18 1o 18,8 °C.

Mpumep 9.5, PaccunTaTh TpeSyemuiil TeMnepaTypHbifl rpadux AJd TeNJOBOH NOACTaH-
uHu 6e3 peryasnTopa pacxoia MpH fy= —26, —10, —5,0, +5, +10 °C npu sagaHHOM pac-
geTHOM pacxope Boan Vo p = 12,5 M3/u u BRYTpeHHeii remnepaType fy ¢ = 18 °C. Mcxox-
Hbe faHHBIe TAKME XKe, Kax B npuMepe 9.3. Temnepatypsl B CeTH Ty MPHHATH NMPeABAPHTEMD-
HO ANA yKasaHHBIX Bbllle 3HayeHuil fy P2BHBLIMH cooTseTcTReHHo 150, 109, 96, 83,

70 °C. PacyeT NPOH3BOAMTCA MPH YCAOBHH, YTO eC/H NMPH TeMIepaType Ty, PACCYHTAHHON H3
yCaoBHA Iy = tp y = 18°C, Temnepatypa BOJONPOBOAHOH BOAH f; NPH QY oKaxercs MeHb-
we TpeSyeMoil #{, TO NPOMSBOAMTCA Nepectuer TeMnepaTypl B CeTH Ty H3 YCJOBMSA YAOBJIETBO-
PCHES HArpy3KH rOpsYero BOAOCHaOXeHHSA NPH ¢, = £;. llpu 3ToM OyzeT HMeTb MeCTO Mepe-
rpes nomeulenudi, fy; > fp 1.

PeayabTaTH pacueToB MpeACTaBJeHH B ra6auue, Ipu fg = +10°C, fy = 20,4 °C
MaKCHMadbHbifl pacxos ceteBod Boas Ha I crynenb paset MpeAefbHOMY: Ve = VPR =

— 96,03 M3/u. [Ipn 5TOM pexHuMe peryasTOp TeMnepaTyphl MOMHOCTbIO OTKPHT, pacnofarae:
ML Hamop Ha BBOAE CHHXaeTcs 10 2,7 M, pacXoj BOAW Ha CHCTEMY OTOILIEHHS — A0

2,17 M%/u.

HapyxHan Tenneparypa f,. °C

PacueTHad BeJHYHHA
o | s 0 —5 | —10 | -2

Temneparypa B nOAaio- - 64,6 68,2 80,7 | 94,2 107,7 lE';l s
uiefl JIHHAA CeTH T, "C

BuyTpenuss temnepa- i
1ypa ta, °C 20,42 | 17,97 | 17,96 | 17,89 17,84 18,25

Pacxon ceTeRrofi  BOAB a 9.74 | 10,43 | 11,43 11,86 | 12,12 12,5
Ha CHCTéMY  OTOMJEHHR G 2,17 4,99 8,46 9,86 | 10,6 11,7
V. Maf'-l

TemnepaTypa BOAB NOC- a 38,0 38,6 44 .2 49,7 54,9 70,7
Jeé CHCTeMBl OTONJIeHHS 6 23,1 29.3 39,5 46,1 51,8 68,3
rﬂii OC

Pacxoa cetesoft BOAL Ha a 10,63 8,44 4,84 3,05 1,88 0
Il crymeus noxorpesate- 6 26,03 | 21,67 | 14,2 10,27 7,88 3,72
ana Vi, My

Temnepatypa ceresoft a 47 4 44,3 | 41,9 | 44,] 7.0 it
poan Ha Buxoae H3 Il 6 47 .5 43,3 36,8 34,3 34,1 39,6

CTYNEHH Tpg, “C




Il padoascenus Tabs

ilapyHag TeMnepatvpa fu. °C
PacuetTHad BefiiyHHA
o | s | o | —s | —t0] —o
Pacxog cevesol BOALL a 20,37 | 18,87 | 16,27 | 14,91 { 14,0 2,5
na peox H 1 crynesp Vo, 6 28,2 26,66 | 22,66 1 20,13 | 18,48 5,42
Mo
TemnepaTypa ceresof a 42,9 41,2 43,5 48,6 53,9 70.7
BUAN Ha Bxoge 3 I cry- 6 45,6 40,7 37,8 40,1 44,3 61,4
NEHb Tew, °C
Temnepatypa ofipaTHol a 27.2 25,2 24,4 25,3 26,4 30,6
cetesoll BOOW T3, "C 6 22,6 19,9 16,9 16,2 16.3 17:1
16,82 | 42,09 | 50,28 | 54.09 | 56 .45 60,0
Pacnonaraemeil ranop a ’ ' y ¢ '
R W 6 2,70 | 10,33 | 27,97 ) 37,68 | 43,4 52,71

MpriMmedawHe a, G~ pEXHMBE ADH Q;P H Q;‘“““.

Npumep 9.6. Ilpor3apecTH cpaBHHTeNbHLE PACHETH PEKHMOD PABOTL CMCIUANTHOA H OJ-
HOCTYNeRYATHIX MapaafebHOE K 3R KMOUEHHOR CXeM NPHCOLAEHeHHUsT HarPy3KH TOpAMErD
BOROCHAOXEHHS NPH OAHWKAKOBBIX NPHBSJEHHBIX HAXE WCXOIHBIX NaMELIX: PACYCTHAR HE-

rpyaka oronsenust Qo — I [kan/u; napametp ortonuteaLuoi cactems P = 15 500 kkan/
/(2-°C); pacuzernstii pacxon ceresoil soan Vo p = 12,5 M¥u; kosdhdpruneHT cMenienun sne-
BaTopa u = 2,2; cpenHsi OTHOCKTeNbHAR Harpyska ropauero aonocxabwenua p°P == 0,3,

Cyrousslit rpauk Harpysxy ropaueru BoAOCHAGKEHHR Takoll ®e, kak B npumepe 9.3,

Cxéma NPHCOEANHEHNH 1IN P PeRATO N THRAYErs BoAOCHaAG Renus

ABYXCTYIOeH- ,
N— —_— YOTEA CMOC- napannenbHad FABRMHYE i NAR
Ha“m[‘]lﬂ::::l":;u]:lﬂf,"ltﬂ X M anHas £
HapyxHaa temneparypa in, "C
2,6 | 0| —26| 2.6 | 10| o8| 2.8 | =10] —26
Temneparypa » nofaw- 70 106 150 |70 106} 150 |70 [106 150
e AKHHA ceTH T, “C
Pacxon ceTeBoil - BO/N 12,5 | 12,5 12,5 |12.,5 112.6 | 125 [12.5 [12.5 195
Ha CHCTEMY  OTONJEHHH
Vo, My
Pacxox ceresofi moaw [ a | 5,31 1,29) 0,04, 6,41 3,13( 2,09/122,5| 1,72/ 0
yepea peryaatop remne- | 6 |13.95] 4,60 [.88|15,37| 7,11 4,63({26,09| 4,26( 0,63
paryps Viy, méu
Pacxoa ceresoff soaw | a ;17,81)13,79|12.54| 18,41 15,63 | 14,59 (35,0 i4,22)12,5
ns!:! TensoBOfl nyHkT V., | 6 |26,45)17,10|14,38127,87|19,61417,13(38,50(16,76(13,13
M/
Temneparypa noast noc- 41,7 |55,0 {70,0 |41,7 /55,0 |7C,0 [4!,7 |55,0 {70,0
JAe CHCTEMBl  OTONJGHHSA
1%, °C
Temoepazypa cetesoil a|47.2 |47.6 |59.4 [23,] |]10,2 | 6,83] == | = | —
ROALE Ha Buixoge 3 | O (48,5 |41.6 (45.F |27.,0 12,0 7871 — - s
I evymenn tr. °C
Temmepatypa  cercsokt | a (43,3 54,3 |70.0 — - — 59,9 61,2 |70,0
BoAe Wa Bxofe s [ ery- | 6 |45,3 |51.,4 66,7 — S — 80,8 ISS,U 73.8
n&dn to, °C '
Temneparypa . o6par- | a |33,2 [38.0 [46,3 |35,4 {46,1 §60.9 |51,4 [40.0 |46,0
HOR ceTemoid ®ofm T, °C | & §31,6 |30,1 |34,5 (33,6 {19,7 (53,2 (43,8 |28,7 |23,7

MpaMeuanke a, 66— DeskHMK 1Dk Q?p " Q:
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PacueTsl peXHMOB NDOBECTH NpPH TpeX 3HAYEHHAX TEMNEpaTyp HapYXHOro BO3pyxa:
fg = 2,5; —10; —26 °C. CooTBeTcTBYOIKE TEMNEPAaTyphi B Mofaioule# JHHKEK CeTH Ty =
== 70, 106, 150 °C (oTomMTeAbHbIH TeMnepaTypHBIH rpadHkK). :

MpunaT moporpepatens Dy = 168 mm. [as cumewankoil cxemst 2z = 3 (S{7 =
== 0,00171 wm-u¥/mb), z;, = 4 (S}y = 0,00228 M- 42/ MP),

lan napaanenpHodt cxeMml gz, = 0(SYT = 0), 2z, =7 (S)} = 0,00399 M- 42/ m8),
Jlan 3aBKAIOYEHHOH cXeMbi z; = 7 (SPT = 0,00399 m-u¥/m®), z;; = 0 (S]] = 0).

Ha TennoBoM nyHKTe YCTAHOBJACHB PeryasiTopbl PacXoja K TeMmepatyphbi THHA PP-50
(Sp.p = Sp.+ — 0,019 m-u?/n%. Ilpuusro, ur0 pacnonaraemulii HANOP Ha BBOJIC He K3MEHA-
eten, T. e. Agy — AP = AN = 40 m (y = |, @ = 1), A" = 10 M. Pesyabratsi pac-
4eTOB npelcTasaeHbl B Ta6anlle. Kak BHAKO H3 3TOA TaOANHUB, IPH TeMNiepaType s = 2,5°C
MHHMMAABHB PAaCXOA ceTeBOl BOAW Ha BBOJe V. wMeeT MecTo AP CMelaHHOI cXeMe, a
MAKCHMAALHLIR npu 3askmiouennofi. Ilpy MuumManeWo#t HapyxHoH TeMneparype

26 °C MHWHHMaAbHBIt pacXo/ ceTeBoil BOAK Ha BEoae V. HAGMIONAETCA NMPH 3ABK.I0YEHHON
CXOME, A MAKCHMAJILHBIH — NpH MapatiIe Luo.

lf1a6a decaran

TEMJOBBIE PE)XXHMbl YCTAHOBOK C ABYXCTYINEHYATOH
NOCJNENOBATEJIBHON CXEMOHW BKJIIOYEHHUA
NONOTrPEBATEJIEW TOPAYEIro BOAOCHAB)XEHHSA

(0.1. YCJOBUS NPUMEHEHUS YCTAHOBOK C NMOCJENOBATEJIBHON CXEMOR

[[prcoesnHeHHe K TeIIoBOH CeTH HAPY3KM FOPAYero BOAOCHAOGKeHHA Nno
CXeMaM. pacCMOTPEHHBIM B Npebiiylitel r1aBe, MTPHBOAHT K 3HaYHTEIbHOMY VBeE-
JHYEHHIO PaCyeTHOro pacxoja ceTeBol BOAbI H, CAELOBATE/bHO, K yB&THUYEHIO
AHAMETPA CeTH H ee CTOHMOCTH. CTpeMaeHHe COKPATHTh PacUeTRbIH PAcX0 BOABI
B TEMJOBON ceTy NpHBelo K pa3patoTKe ABYXCTYMNEHYaTOH OC/IeL0BATEILHON
CXeMbl  BKOOMEHIN  mogorpeBaTenedl  ropsiuero  somocnaGuenus (puc.10.1).
B paloHAX HOBOTG HKILTMIHOTO CTPOMTEILCTBA. Tie GOIBIUWKRCTBO aGOHEHTOB
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Puc. 101, Ycranoska ¢ JARYXCTYTNEHYaTol NOCJ/ICAOBaTEABHON cXeMOH BKJOUCHHA
; NOAOrPEBATENEH POPAUIEFO BOAOCHABKCHHA



HMET HATPY3KY COPSUEro HOMOCHAGKEHNA, NPHCOCAHHEHRYIC 110 TAKOR CXEME,
NPHMEHAETCA Temnepatypiibil rpadguk, PAcCUMTAHHBIN HA MOKpLITHE COBMECTHOI
RATPY3KH OTOMIEHHS! H FOPHYENO BOAOCHAGHKEHHSI (TaK Ha3bIBALMbIH TOBLILLEHE
TeMOepa Ty PHbI rpadHK), IPH KOTOPOM TOAOTES BOLLL Ha 13LL npoussomTes JIio
TeMnepaTypht 60/1ee BoIcOKGH, uem Tpedyercs no OOBIYHOM YV OTOMTHTRNLIIOMY TeMIe-
patypHomy paduky. , '
TemnepaTypHas HA10a8Ka K OTONHTEABHOMY rpaprEKy OnpeTeIseTC] M3 YCI0-
BHS NOKPHITHS CODMECTHON HAIPY3KR OTONEHHA M TODITEro BOLOCHAGKCHHA
1% ABOHEHTA © ONPECACHION OTHOCWTCALIION HArpy3KOH Topsiyere Bogocuad-
KeHUs NpH PacXone ceTeBoi BOIUbI. PABHOM DACXOLY BOIK Ha ovonacaue. g
aGOIeHTOB ¢ MEHDLILICH OTHOCHTEABHOI HATPY3KOH rOPAUCTo ponocHabmeHUH pac-
X0y COTCBONH DO/l NPHHUMACTCS PaBHBIM PACXOTY BOIBI HA OTONISHHE, ¥ aboHeH-
0B ¢ 60 hUIEH OTHOCHTENBHON HATPYSKON TOPHLEEr0 BOLOCIAOKEHHA yCTaHaBIH-
RACTCSI pacXch cOTepOl BoALl, HOIBLIKMH pacyeTIioro pacXo/a BOLbl [la OTCILTEHIE,
B pafiorax, B KOTOpBIX 4HAYHTEIbHAS Y&cTh abOCHERTOR HE HMEET ropidcro
BONOCHAGHKEHUS Wil YCTAHOBKH TOpHYEro BOROCHAGKeH WA NPHCOCAHHEHRL 110 114-
paIeNbHON HiTH cMelIaHHO cXeMe, IpHMensieTcsa O0bIIHBIl OTOHUTEILHLIN TEM-
 nmepaTypHbli rpaduxk. 1pu 5ToM Harpy3Ka ropatero BONOCHAOKEHUS B YCTAHOR-
KaX ¢ TIOCIeN03aTeTbHOU CXOMOH, TAK XKe KAK B B YCTAHOBKaX € mapa.n.1ebHoH
H CMEeAHHOM cXeMaMH, NOKPEIBaered 3a CYeT RonoaHHTeILEOTO PACXOLA CereRnH
BO)W Ha BpoA. JloGaBOWHBIH K OQTOMUTEAhHOMY HACXOL ceTesOl BOJALI Onpene-
JAGTCA H3 YCTOBHA NOKPBITHH COBMECTIION HAPpy:KH OTOIICHAR I IOpAYCro
RonocHaOKeRHs . Kak nokasalo HEXKe, 9T0T 100aBOUKbIH PACXOXL CEeTeBOH B!
MEHBIIE, YeM NPl NapaiilessHoll H CMEeIaHHON eXcMax.

10.2. METOJLbl PY'THOFO PACYETA

Pyunoil pacyeT POH3BONTCA C NOMOILBKO vpaBHellH XapaKTePHCTHR NOXG-
rpesaTeefi ropsyero BOIOCHA0KEH s 1 CUCTEMbl OTOILIEH A [IpH 3TOM, KaK npa-
BH.0, PACXOA CETERBOK BOAW HA TEMIOBYH) BOCTAHIIHIO CUHTAETCH HEH3METHbIM,
He 3aBHCHLIHM OT pacXola CeTeBoli BOJIbI HA BTOPYIO CryfeHh NOA0rpeBare ., T.€.
He YUHTHIBAIOTCA AEACTHATEILHLIE XaPAKTEPHCTHKH PEryanxTOpOR pacxoza nps-
MOrO ferersus. | [peanonaraercs Takxe, 9o pacnoJaraeMol i 13MOpP Ha TeII0BO#
NOJICTAHLHE JOCTATOMEH JWIA TPONYCKA BrCero pacxojla CeTeROln RBOTL Yepes ole
CTYNEHH noj\orpepaTess H CHoTeMy OTOINTeHHH .

10.2.1. PACIET OCHOBHBLIX MAPAMETPOR

Ha ocxope ypaBHe:ns (8.0) Tenn0OBBE RATDYIKH noxorpeeareseit 1 u 11 cry-
MeHH _

Ql -t 8] W_“ V==& WM.(IT():!"_:Q) = W'\I (TUE i (Ej; {lf)la}
QII —= el Wu V=g WM’ (T — i} < WM (Tl_t")' “0‘16]

Pacxol TENAOTH Ha OFONJICHHE B VCIGBHHX PAOTHl ABYXCTYNEHYATOH MOCAEN0-
paTenbHod cxemel (61]

Q, =- - (v, [w, el G ﬁ (ty— eg)]

Wy
] —&; =— |1—=

ulf (10.22)

THE €[, €1, Eo - OE3PA3MEPHBIC YUAETbHLIE TeNI0BbE HAMPYIKH NOLOFPEBATE ACH
{ 111 crynenei 1 CHCTEMBI OTOILIEHHNA, W, — Melbuee U3 3HAUeRHH SKBHBANCH:
o8 pacxojla rpeollel 1 HArpCBAaeMoi Cpell, NPOXOI(HIHX Hepes oAorneRaTeIn |
CTYOeHH; @ -~ Harpy3ka ropsyero BOAOCHAGNEHHA TpH paccMaTpHBaeMOoM |e-
MHUME,
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[1pH yCTAHOBUBIUEMCSL PeXiMe 3aBHCHMOCTb BHYTPEHHEH TeMneparypel OT
pACcXOla TeIJIOThl HA OTONJIEHHEe HMeeT BHI

byl et S, (10.3)
o.p
rie Q,.p H 1, - pacueTHbie HAarpy3K OTOMJICHHS W BHYTPEHHSS TeMnepaTypa
MPH HapyXHOH Temneparype I,
te —tn
Qup=Qo———7r-
? to—1

M3 cosmectroro pewenunss (10.2a) w (10.3) noayuaem
| W
Eo]wn (rl-*fni—elw—olfa—-'a) —Qr

1 _W.’:}. y W” | I w’n £’ 1 WM
A—“—ﬁl WU '1"1‘;0 8] w’o -1 QO ) ‘ B—rH) n"-al WO

[Ipn pacuere no ¢opmyae (10.2a) npuxoauTcs NPeABAPHTENLHO 3a1aBaThCA
HEM3BECTHOH 3apaHee BHYyTpeHHeH Ttemneparypoi (,. [Ipn pacxomaeHHH NPUHA-
TOro W [OJYYEHHOrO 3HaueHHi f, NPOHU3BOJHTCA rnepecuer. B popmyae (10.4a)

{, HCKIIIOUeHa.
B uactHoMm cayuae npu Q. = 0 gopmyast (10.2a) n (10.4a) nprHMMalOT BHI

Qo (10.4a)

Q, =8, W, (t, —1y); (10.26)
Qu ke -_fH ' , {10.46)
1 =
ﬁo WO o QD,[I
TemnepaTypa ceTeBOii BOABI HA BbIXOAE H3 CHCTEMbl OTOMJIEHHS
3 W
(Tl "'_ng_"""‘ {, €y _IEL)(I —&g)+ In Eo

Ty = ! = = 2t (10.5)

l—alTVi; (Ll —&o)

B aByXcTylieHYaTOH IOCJTeA0BATENbHOH CXeMe NpH MaJbiX Harpyskax ro-
psigero BojgocHa(XKeHHs Q. Harpys3ka oTomiesHs Q, Goabiue pacyerHoli Q. p,
a npu GOJbUIMX HarpysKax ropsiyero BOAOCHAGKEHHA — MEeHbLIe PAacyeTHOH.
IMpu onpesesenHoll Harpy3ke ropsigero BojocHabxkenus (, paBHa pacyeTHOH.

Dra Harpys3ka ropsvero BOJOCHAOXKEHHS Ha3bIBACTCH «6anaHcoBOH» (Qf).
JL15t TOro yToGbl NPH «GaTaHCOBOH» HArPY3Ke ropsuero BOAOCHalXKeHHs CH-
cTeMa OTONJIEHHS NOAyYana PacyeTHbIfl PacXoll TEmIoThl, B OOIEM CTydae HMe-
eTest JiBa NYTH: WK PacXol CeTeBOH BO/bl Ha TENJIOBYIO MMOACTAHIIHIO NOMKCH OBITh
BONbIIIE OTONHTENLHOrO, HJIH TeMIIepaTyPa CeTeBOH BOJBI 10/17KHA GLITE BEIILE, YeM
110 OTONHTENLHOMY FpaduKy. Pacuer TemnepaTypHbiX FpahHKOB 1151 IBYXCTY NEH-
4aTOl MOCJEeN0BaTEIbHON CXeMbl 6yjeT paccmoTpeH B ra. 13. 3/iech paccmMOTpUM
pacuer 106aBOYHOIO PacXoja CETeBOH BOIb! Al KOMIEHCALHH Harpy3Ku rop#-
yero BojocHaBKenus. MakcuMadbHbli A00ABOUHBIF PACXOA BOABI HMEET MECTO

npH TeMnepaType M3JoMa rpapHka f H MOXeT 6bITh OnpejeneH 1no Qopmyae
t, — (150 —5¢)

06
6 F L —1,
AGS < : (10.6)

¢ ('c’; —-—‘rgz)

Fl€ Toy — PACYETHAs TemnepaTtypa BOAbI [0CJ€ OTOIUIEHHS MPH TeMmneparype
M3noMa rpacduka; 8f —- pacueTHbili HeIOrpes BOJONPOBOAHON BOAbI B [ crynens

fojiorpesaTens IMpH Q°, BwiGop 8f paccmoTpeH HHiKe.
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[Ips 3TOM CYMMAapHuifi [Pacxoj BOJAN Ha HBOA
G, - Gy +AGy, (10.7)

rje G, — pacueTHLfi MaccoBRA DACXOJ CETeBOH BORh HAa OTONMENHe.
Pacyer nogorpesarencii ropsdyero pojociaienis TEIOBOTO HYHKTA ¢ 110
¢ICNOBATONLION CXeMOolt U Pa.UeTHOro pacXoja cereRod BOk! NPH KOMNEHCaunu
HarpysKu rops4erc BOXOCHAGKEelHs PACXOJ0M CeTEBOH BOABI IPOHIROAHTCA 1O
MIPHBCACHHLIM (GOPMYJaM B CAEAYWINEH NOCJACIOBATENLHOCTH.
PacueT nepEON CTYNEHH MOJAOFPeBaTeIs W pacxpoaa ceTepoii Boab. Pacuet
NPOH3DOANTCA Ha «BanaHCOBYK» KArpysKy [OPAYEro BOROCHIAGKEHHS lPH TeM-

neparype Haioma rpaguka fy. DKBHBANENT PacXola BOAOMPOBOIHON BeHibI we.
Qnpeneadctesi TENIOBAS HATPY3Ka IePBOH crynedd nc gopmyvae

6 .of n- fr

Qe - (10.8)
[*Je

by = 1oy — Bt | (10.9)

Henorped DononpoBOfHOf BOAL B Nnjorpesateile §f A0 TeMIepaTypsl Toe NDH-
HHMAETCH TIPH pacdeTe 1@ «6alaHcoBVIOn Harpyiky obwuro 8 °C; f, = 57°C;
1= B0 1tha — 417 "G

QupejeaacTes pacxol ceTeBoll BOIbI Ha BEOL TIPH GaTaHCOBOH HArpy3ke ro-
pRUEro BOAOCHaGHemHsT Go no dopmyaam (10.6) # (10.7).

Onpegensercs 1eMacpaTypa CETeBCH BCAL HA BRIXDIE H3 I crynenH

T == T2 O'I:.’f w’g “010)

OnpeseasioTcst CPEIHAs DPA3HOCTL TEMNEPATYP B MOJOTPEBATEIE, HEAMUNHA
(kFy m napametrp @p: :

Adgp == _‘%"*'tf“’_?m:!"} | (10.11)
2.41g ——2-
Tog ip
in‘f" ; .
fhFy; ey (10.12)
-'h‘w
(kF)
B v, s (141.13)
Vwows

OnpejeneHne NapaMerpa OTONKTENLHOH CHCTEMBI H pacxofa TemnoTh. (npe-
ACAACTCA TapaMerp cuctemsl woronnedus @, = QAL

Onpepessercs pacxol TennoTel Ha otomnewde no gopmyae (10.2a) wau
(10.4a) npn pacxoac L.

Pacyer Il ¢rynenn noporpeeaTeas. PacyeT NPOH3BOAMTCH HA MAKCHMAIBHYIO
HATPY3KY FOPYIMErs BOUOCHADKCHHS Qr mpy remneparype naioMa rpadwmra i
YKBHBATCUT PACXONA BOAONPOBOZHON DOl Wi

Onpejeasiercd renosas Harpyaka Il eryrenn

M 0,”.' -—&, Wy |y —2g (T, — 1) —al

B : (10.14)

[“‘p’l “‘—‘l’rl}

M
s
w o

SUAYEHHRA &) U £, OUPEAIIAIOTCH NPH IKBHBAJICHTE DACXO/A CeTeBOH BOAN! W’ﬁ-
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Temnepatypa BOAOMPOBOAHOM BONH Ha BXxode Bo Il ctynens nozorpepatess

M

zn' t1 - li‘ . (1015)
Wy
Tesneparypa ceteBolt BOAB Ha Bblxoge K3 [I cTyneny nojorpesate.s
Ty =Ty Qi Wa. (10.16)

. i,
Ol]p(‘}l&'lﬂE‘TL'ﬂ Cpt‘,-’ll—lﬂ'ﬂ Paf!l!('\(.'l‘h Tempeparyvp '—\’Cp-
”pH T I|>Tnl - ’u :
(T|—-f|}—~(T.,,—-f")

Ally (10.17a)
i =1
2.3 lg——"
Ton—u
npr T - L < Ty iy
ﬂf(l; (T "_III):' (tl!_‘rlj . {]0176)
23 ]g 0
T — 1
Oupenensiercs  (kFp:
| (RF ) QAL (10.18)

10.2.2. PACYET XAPAKTEPHCTHKH TENJOBOH MOACTAHIHH

[1o H3BECTILIM 3HAUEHHSIM NAPANMETNOR OTONHTENbHOH cHCTeMbl H 1 CTYIICHH
nojorpesareqs @, U @;, a TakKe pacxoly M Temnepatype nocTvnatwlen cere-
poir Boanl (G, M T, MOKer ObITh DACCUNTAHA XAPAKTEPHCTHKS TENJIOBOH NOACTAH-
WHH, MO KOTOPOH TIOHHMAETCH 3aBUCHMOCTb PacXOAd TellJIOTHl Ha OTOMJICHHE M
TemnepaTypsl 00paTHOH CeTeBOH BOJIbI OT HArpy3kH ropsayero POAOCHAOKEHH S
npH Mool TeximepaType HapVKHOro Bo3ayxa. Pacuer XapaKTepHCTHKH BeleTCs
B C.IEAYIOULEH 110CIe10Ba IeTbHOCTH !

1) 3a4al0T HATPY3KY ropauero BojocHafikeuus Q,;

9) onpenesiioT IKBHBAJEHT PACXOAA BOAONPOBOAHOIL BOAL Wy

3) onpexensior 10 ypasHenuio (8.9) £r NpH W3BECTHLIX 3HAYEHHSX by, W,
= )

4) 32]al0T OTHOCHTEJIbHYIO HArPy3Ky OTOMJICHHS @, Q. Qo

5) onpeaeasiioT XapakTePHCTHKY OTONHTE/IbHON CHCTEMbL &, N0 YPABHEHAIO
(R.11) 11pH H3IBECTHOM IHAYEHHH o), OFIPEACTEHHOM 110 (R.12). n 2ananHoM Kosdxh-
[IMEHTE CMEeUIeHHs u,

6) onpeneasioT TENIOBYK HArpy3Ky CHCTeMbl OTOMVIEHHA MO dopmy.iam
(10.2a) wan (10.4a).

7) onpeneaswT Q,. FCaIH HakIeHHOE TaKHM ITyTeM @, HE coBnajaer ¢ npea-
BAPHTEJBHO NPHHSATLIN B M. 4, TO NPOUSBOAAT Pacuer npH HOBOM 3HAUCHHH Q.

8) onpejeNAOT TEMIepPaTypy CEeTEBUH BOABI NEPE] CHCTEMOH OTONNEHMA

Tot 7"_'tB+QQfJEuWo; (1019)

9) onpene siioT TEMAEPATYPY CETEBOI BOIbL MOCTE CHCTEMb! OTOTVIEHIIR
Tep Tor Qn/ ‘v’n: ( 10.20)

10) onpeneasoT TenOBYIO HATPY3KY 1 crynenn nojorpesareis no (opmy.ae
(10.1a); :
[1) onperensior TeMiiepaTypy OGpPaTHOH CeTeBOA BOAb!
Ty =Tpa- -Qi/W,; (10.21)
IR



[2) onpeagsiskyr reMilepatTvDy BOAONPOBGIHOH BOAL HA BhIXOge M3 | vryvnew
ty o4 Qi W, (10.22)

AHAJNUTHYHO [IPOHIBOJAHTCS Pacuer NPH APYLOR Marpyike ropaycro BOJO-
cHaBKENHsT W APYIHY  HADYMKHLIX TeMieparypax.

NMpusep 10.1%. Paccuprars TpebyeMui DACX0] ceTeBoOH BOAW K LoBCpXnoCTe: (napa-
MeTR) NIGAOrpesaTeseh TCNACHOR NoACTAHUNK € ABYXcTYMENYatToi NOCNCAUBATCIALHON CXe-
Mol TIPH CTEAYWILAX YCIOBHUX: pacierHan Harpyska otounenus | [ran/s: cpeunixs 0THO-
CHTeNbKAA HArPYIKA I'upA4eTo sojochatikenna .y - 03] cyrounslit rpagrk Harpyaka ro-
pauero BOAUCHHOMC NS COCTOHT HA 'MeThpeX Mepuoion:

AaHTeNbHUCT BepHOZa, 4 . . - . D 10 4 4
Ol P i mms v w2 ok 0 1.0 1.3 29
Harpysga ropavery  polocCHalKenns .
Q. Mkan/a . . . . . . . . . . 0 300 390 66O
TeMnepatypa BOONPOBCARON BOALI B UHCTEME FOPAY4ero BCIOCHADKEHHA 1, = 5 “(;
{, = 60 °C,
PacueTHanr pHyIpcHUAS TeMieparypa B NoMellelAd Iy = 18 *(.
TeMmnepaTypubiii rpadux otonmateanuu# 15070 °C. .
Pucuernas TemMnepatypa fy = =26 °C, wyaom rpadguwka npn fw = 2,5°0C 17 = 70°C;

Toz = 41,7 °C, _
Pewenue Onpetelenre pacxola CeTeRod BOAM Ha BROA. «Batancopan» warpyaka
ropsuera sofocuatmenna Q° = 1,2¢FF = 360 Mxaa/v. Pacxoa sosonposogiof Boabt Jipw
G
_ g S 9o 360000 —
«BanancoRofty HATPY3Ke ropauciv sokocHatRenna Gr - T = - — G050 xr/y;

L

106aBoMRKI K OTONHTEAbHOMY PECXOX CETEBOH BOAL Ha noxpritae #arpysku Il crynewn on.
peaensercs o popmyae {10.6) »3 yeaousns, 9to npu «6anancoBoii» Harpy3ke ropsiero sogo-
cHabMenus R TOYKE H3A0MA TCMNCPaTYpHCro rpadika oTonaTeNhHasl cHeTeMa TTonynaer pac-
WeTHHIA PACXOT TENJICTH, :
Hegorpes Boaonpusoanoil soxm o | cTvmenu nomarpesatesdst npurnsmaew 67 — 8 °C,
Tpu atoM 1o dopmyae (10.6)
o 60 (11.7
60 0000 - :
AGS m - = 6100 Kr 1,
170 41.7)
Pacxop cerernafi BOALI HA BBOJL

G- G+ AGS --12500 4-6100  I8600 kr v,

_g]

Pacuer MOREPAKOCTH | CTYNeHM 1OAUTPeBaTeSs MPOH3BOIKTCH 1IPK TEMNERATYPe HA-
AOMa rPaPHKY {n Na SOATAHCORYHO® HATPYIKY ropsuero soaocHaGmenns. Harpyaka T ery-
mews nogorpesateas @ = 65660 (41,7 — 8 — &) — 188 000 xkan:u.

Temueparypa ceTenoik BOIW Ha Bhixoae H3 1 eryncan no dopmyse (10,10} 7 - 41,7 --
— 188 000/18 600 = 31,6 “C. CpeaHsa PASHOCTL TCMILPATYR B NOAOTPeEIeae 10 popM vae
(10.11)

. (30,6 — ) —8
!

ep 30,6 —5
2.31g 3—

3navennsn &F moporperateas no opmyac (10.12)
4F  188000,15,2-- 12 400 kKan/{u- ().

.= 15,2 (.,

Napaserp | crynenn no gopmyac (10.13)
12 400 — 113,

q, =5 —_—
' /186006550

* Pemicnine npAMENoB A8 COKPAIIEHHA O6%'Ma TEKTTa AdHO TofbKko B MKC,
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Pacyer nosepxHoctH (napamerpa) Il cryliedn UPOHIBOAWTCS HA MaKCHMAJAbHYIO Bu- -
IPY3KY ropfyero BOAOCHAGKeHHS. Pacxojl BOAONPOBOALIOH BOALI NMPH MAKCHMaJbHOW Ha- -

rpyake ropsivero BopocHabxenns G 2,2-300 000.(60 — 5) = 12 000 wkr/u. Despasmep-
nasi Tendiosas warpyska | crynerm nogorpesarteas 1o gopmyae (8.9)
1
gy T == (,8.

I

12000 i 12 000
0,35 —==— 1 045~ "
18 600 113 18 600

BeapasmepHas TenAoBast HAIPY3Ka OTONHTEAbHOR CHCTEMBI ONIpEASASETCA N0 PopMyJe

(8.11). 3agaemcsa nNpeaBapHTEAbHO OTHOCHTEJIBHLIM PACXOAOM TENIOTH Ha OTONMEHHE Qo =
= Qo/Q;, = 0,22:
I
0 =" ==1{),405.
705122 18600
1--2,2 ' 15500.0,2202

Pacxoa TEIAOTH Ha OTONJEHHEe IPH MAKCHMAJIbHOH HaTpy3Ke ropsyero BOJIOCHa6XKeHH 1
QM == 660 Mkaa'y no Qopmyse (10.2a)

0,405 12 000
0= s {lBﬁ{)U[?O—lB-y-O.GB (18 —5) | —
o S 12 000 e : 18 600 :
T8 600 l-—0.40%)

— 660 000} = 925 000 KKan/4,

Qo 2250007108 - 0,225,

Tax Kak HoayueHkoe suauende Q, GMU3KO K NMPeABAPHTENBHO NPHHATOMY, NepecyeT He

Tpebyercsl.
Temnepatypa ceTeBOk BOABI Ha BXOAC B OTOMKTEAbHYIO CHCTEMY H3 YPABHEHHSA XapaKTe-

PHCTHKH OTOMHTeJbHOM cHcTeMmel [hopmy.na (8.11)]
Qu r 225 000
ea W " 0,405 18 600

Tn la-r-

Harpyska 11 crynenn nojorpesaTtena iIpH A
T - Wolti—10p)- 18 600 (70 —48) . 410000 kkan, 9.
Temnepatypa BogonposoAnoii Bojs la BXoie Bo Il crynene no popmyae (10.15) .

=+ 60—410000/12 000~ 26 -C.

Cpesnsnn pa3uocts TemiepaTyp so 1} crynedn nogorpesaredsi no dopmyde (10.17)

48 26y — (70 —60
‘ N (O g

:‘L!gfp---
2..SIgTO-
Beawuuna kF 11 cTynenn
EF - 410000/15,3 - 26 800 kkaa/(u-~C).
[Mapamerp Il cTyuenu
20 800

d)[] o 2
V/12000- 18 600

=18,

10.3. PACYET TENJIOBbIX U THAPABJHYECKHUX PEXHMOB
ABOHEHTCKHX YCTAHOBOK HA 3BM

Kak caeayer u3 1peabliyiero liapaipaga, pacuer TerioBbiX NOACTAHIUA ¢
\BYXCTYTIEHYATOH NOC/IeI0BATENbHOI cXCMOt ABASErcHd BecbMa TPYAOEMKHM.
Eile 6onee CJ0KHBIM SBJISETCS pacyer npi yuere AeHCTBHTENbHOR XapakTepH-
CTMKH pervasTopa pacxofa. [Last pewienys 1ol 3anaun Obli1a paspaloraHa npo-
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CPAMMA TEIJIOBOrO M FAJMPABIHYCCKOrO PACcyeron TeMIOBLIX NOJACTUILHA ¢ noce-
nopateasnoil cxemoi [16]. IMporpavmua nozpoaser AN TEMTOROI TGACTAKILMH
(puc. 10.1) ¢ 3apaiuuiv oGOpYAOBAIHeM MDA 331aHHBIX PACUeTHLIX TEMIONOTepAx
37auMi M rpaduke HaIPY3KK 1 OpAYEro BOAQCHaMXKCHNA . pemuTh T0OVIO N3
e YHIIIHX 3a,ﬂ,d¢{. g reniosoro PpacdeTa onpeledThs: NMpH BCeX HAPVKHEIX
TEMIIEPATVRAX 1, BHY TPEHHIOK TeMNEPATYPY OTAIML1HRACMbBIX IOMCUICHHHA [ TiPH 3a-
J@HHBIX PacXode ceTeBol DOkl 1A B8O V¥ TeMnepaTvpHoM rpahi ke iiodaonef
JHHHY CeTH (T,); PACXOL ceTerel BOABI HA BBOA V', TpebveMuit 114 odecnetucnus
safadiofl By Tpennelt TeMNePaTypel OTAUAHBACMKX UOMEULEHHH [, nPH H3BECT-
HOM TeMNepaTypHOM rpadHKe ToJaioiled JHIIH Te1080H cetH (1;); Tpefvenyn
TEMUEPATY DY ROAI B NOJAKHIEH JHHHUK TEILTOROK CeTH T, (TeMNIePaTypPHhiH rpahuk
CEeTH) A8 ROJAVUCHMA 323410 RIYTPEHHER TRMMEPAaTVPhs] OTAILTHBACMBIX ITOME-
MeHHH !, UDH RATAHHOM PACXOAC CeTCROH BOIB Ha BBOX V.

8 peavaLTaTe pacyera NOMHMO YKA24HHBIX BLILIE HARAMETDOR ONDEEAHIITCR
PACXOK BO;Ll W FRMOEPATYPLI BO BCEX XaPAKTePIILIX TOYKAX CXeMbl, 4 TAKIKe KO-
PBUIMSNITE] TETONepeiau B HOLOIPERATEINX &, HarpysXd omnnaends @,
nooubcux CTVNCHCH monorpepatester ¢ B Un.

ITa pue. 101 B KBaApatax YKA4AHK [TADAMCTH, HCXOAHBIEC 118 PEcdcra, 4 B
KPYXKKAX - - TOJYYCHHBIE B peaviibTare pacyeta, [Mapamerp, Haxopsignies oj-
HOBPEMEHHO 1 B KBA/JATE, W B KPYXKKE, B OJIHOM Cdy4ac ABAASTCT HCXOALLIM,
B IPYIOM  PEIVALTATOM PavdeTd (CA. YKABZAWNKE BRIIE AJAMKH TENAOBOIO PaC
YeTa).

Al riHApaBnRYECKOro pacyeTd (pue. 10.2): onpejean s IOTCPH Hanopa Bojin-
NPOBOAHON M CCTCROH BOALL B O0EHX CTYNEHAX NONOTNEBaTeTs Topsuero BOio-
CHAGKEHHA TIPH IOOOH HANPY3KE IODAUCTO BOANCHEDHKCHI ¢ BCEX TEMIEp Ty pax
COTCBON BOILI, NP M3BECTIIOM PACTIOIAT28MOM KAlIOPE Ha HBOJE PACCUMTATH OHY
M3 CABAVIONIA Y BEAHUHH. MAKCHMAJALHO BOSMOMHLIA { Npeneasiibiii) pacxol cere-
roit wojsl H#a 11 cryness VIT™ NpH MOMTIIOCTEIO OTKDEITOM PEFYAATOPE TeMIIEPATY -
pel PT W “alaHHOM JQHAMETDE CONE 30BATOPA U MHHHMAILHBIH AHAMETP COMMa
saeraTopa, OHCCMCUHBAOUIHE NIPH NOJTIOCTBIO OTKPEITOM DETVASTOPE TEMIEpATy-
phl mponvek uepes 11 ¢Tynexs HOAOrPERATCAS pacxoia ceTeBolt Bonut, uecdxo-

AUNMOTO L5t HATPEBA  BO/0U]0-

flomepu wamopa Badst BOIHOH BOALL 20 3ajla1110M TeM-
npd GF HEPATYPbE IPH  MAKCHMAThHOH
i y Sou 503?’? fwﬁﬁ"m MEHAA W MHHUMAJIGLHOH TeMmre-
[ S“““ | e A paType CeTEeBoM BOMLL.
= [IporpamMsa nNo3IBoAReT pac-
; 5< 5 CUMTRIBATR PEMHMB! TCMNAOBbIX
Mo |Bur Hii NOACTANLKA ¢ TPYOUAaTBIMH M
‘ _)_”T_-; T (LTACTHHYATHIMY TCILNO0OMEH HH-
@ 3 KaMi.
s Hiuxe npHpesennl HCXOIHbIE
ﬁ an ) s Ko o
44 Ay X J4HHBIE U PEIVARTATH pacyeTa
\ POKHMOD 1ETL10BOH MOACTAHILHN
¢ € i Jn" -
@‘]ﬂ]L . Ha DBM
Sur ﬂﬁ-rl-r Ha pre, 10.3 npnBeacHa pe-
.ﬂH'r SYADLTATHL DACHETA TEIIOBbIX peHin-
3 Ll MoB onHoN us I'TIl, dmclowsx g
rpysky otosacina Q) -- 2.1 MBr
f L ¥ (1,81 I'xaa/u) {cymMmMapHbii lnapa-

; MOTD OTOMNTEILIIBX CHCTEM ¢D
s o 1 . 32,5 kB/K  [28 Mxan/(v-“C)])
Puc. 10,2, K THAPABIHUCCKOMY  PECUCTY  TUILTOBOH

: H CPERHIOK HHIPYSKY [OPHHCTH DO
HOICTAHUHH  (0003HAYEHHR TC K, uro 0 Na S8 4
pre. 101 anenabmonna QP = 1,02 MBr

| 84



)

Puc, 10.3. PesynbTaThl pac- 4, Pxansy

yera Ha DBM pexumoB Ten-
A0BOH MOACTAHUMH TIPH Cpea- MBr Lh| ol | L/V G,n:t“/q
Hell HArpy3Ke TOpPsuero BOAO- °C /

cHabXeHus LA wkd 27

151 .

0,88 I'kaa/y). Tpu xo aAuue- 21120 25
cree Kureaei 2800 vyen. Gbiiu
npunste QY/QP = 2,2 n i
CYTOUHAfi rpaq:l;m Harpy3KkH K100 _ 7 av a3
ropsiuero BojocHalXKeHHS H3 . 4l _ =
yeThipex IneprogoB: Q. = 4 g8t 80 =T 24
= 0—6w; QP =< 10 vy, | e Y 14 %
1,3 Qﬁp_4 4, Q?ﬁ 2,2 QE_P___ ﬂ""’ & |
44, Ha TTI Nycmaoiiqen gsr 60 o = e B 9
mogorpesateab Ne 10 Moc- — s .
swepro. [Ileppas crymenb  45Faul 4p = ot tn 72 pe
BKMAOYaeT nAth cexund, II - _‘g.‘; _
CTYNeHb — ceMb cekuuit. He- —o ~ Ty
PABHOMEPHOCTb PaloTH pery- g2} 20 Wal 5
JAATOPA PACX0LA XAPAKTEPH- - ty
ayerca W = 1,2, MMpuugarsit s e :
B paiione Temnepatypreit vl ol 5 @r ~ -..L 13
rpaduk T; (c yyeToM OXJaXK- 4 0 -4 -8 -1z 16 =20 ¢,
AeHH# ceTeBOM Boanl o1 T3] Hapyxwas memnepamypa,°C

o abonerTta Ka 2 °C) Taxkke

H3o6paxer Ha puec. 10.3. 3a-

Xaya cTaBHIach CaAeAVIOWIAM o6pa3oM: NpH TeMnepatype KanoMa rpapuka (f; = +2,5 g O
1] = 81 °C) onpeaennth pacxoa ceresoll Bojbl, obecnedrpaiomui TpebyeMyls BHYTpPeH-
a0l Temnepatrypy 18 °C, u npu 3ToM pacxoje BOjAbl ONPEJeHTh BHYTPEHHIOIO TeMInepary-
Py TIpH BCeX OCTaAbHBIX HapY)XHhIX Temmepartypax. TemmepaTypa BOZONMPOBOLXHOH BOARI
ty == 5 °C; {; = 60 °C. Pacnonaraemsiit nanop a I'TTI 20 M, 5KBHBaJEHTHRIR 1HaMeTp cONA
BCeX 3MeBATOPOB, YCTAHOBJEHHHX B 31aHHAX, d; = 20,4 MM; MHHHUM3/IbHOE COUPOTHBICHHE

peryaatopa Temnepatypsl SEY = 0,00151 M- u?/mb,
Kak cleiyer w3 peaynbrTaTop pacuera, TpeGyemulit pacxox ceTesok somet Vo't

= 26,73 m%/u. Ha puc. 10.3 npefcrasaenb peayabTaTel pacyeTa JHllb NPH cpefiHeil Harpys-
Ke ropsvero BojocHaGxkenns. Kak ciaenxyer H3 pe3y/abTaToB pacuera, nph -t;‘; = -+25°C

n Q. = Q} pacxox ceTeBo# BOAH Ha BBOJ BO3pacTaeT /0 VMake — 31,52 M3/4, npu 3TOM

pacxoa Ha Il crynens V"¢ = 28,73 %4, T. e. peryasTop pacxoja eii¢ 3aKphT He NONHO-
cTbio. TIpH NMOAHOCTBIO OTKPHITOM PEryJAATOPe TeMNepaTypsl NpeaeabHblll pacxo Ha [ cTy-

nenp VPR — 30,59 Mm%y, uro Goasme Vi7", Tlostomy oGecnednBaeTcs Harpes BOACNPOBOL-

Hoit Boabl 0 /; = 60 °C npH nHanGoJee TsKeJblX YCJAOBHAX.

MaKkcHMadblbie TOTePH HaNopa ceTeBoil BOJIbI B MEXTPYGHOM NPOCTPAHCTBE OGEHX CTY-
neneil nogorpepareas Affy, = 0,894 M, Bogonposogrolt BoAu B Tpy6ax AH, = 3,390 M.

Kax BHgHO 3 pHc, 10.3, npu cuuxenun fy g0 —20 °C BHyTpeHHAA TeMnepatypa NpH
HeH3MEHHOM pacXojle ceTeBof BOAH NoBbiwaercs fo .20,4 °C.

PesyabTaThl pacuera NO3BOJSIOT, Tak#M 00pasom, NOMYYHTE MCUEPMbIBAKOUIHE AaHHbIE
0 BCEX pemHMax paboThi TeNJAOBOH MOACTAHUHH.

10.4. PACYET HA 3BM O50PYIOBAHHS ABOHEHTCKHX YCTAHOBOK
C NOCJNIEAOBATEJIbHOH CXEMOH

10.4.1. MOCTAHOBKA 3AJAYH

Ipu npoeKTHpoBaHHH AGOHEHTCKHX TEMJOPHKAUHOHHBIX, YCTAHOBOK, BRK/JIOYEHHHX MO
ABYXCTYIEHYATOR HocAefdoBaTesibHOM cXéMe, TpeGyercsi MPOH3BECTR pacyeT THNA NORcrpe-
BATe/Is rOpfAYero BojocHabxelnn, uncaa cekunii I u II ctynened w pacxofa cetepoit BOAbI
Ha BBOJA NIPH JaHHOM TeMnepaTypHoM rpaduke rensosok ceru. as onpejeseHHs yxasaH-
HbIX BeHUKH HeOGXOXWMO MPOH3BECTH NOJHLIH TeNJIOBOM pacueT TeN/IOBOR NOACTaHUHM NPH
cpeakeidl H MaKCHMAJLHON HAarpyskax ropsuero pojocHalxeHHS NPH TeMilepaType H3aoMa
TeMiepaTypHOro rpadnka ¢ yueToM JONYCTHMHX NGTEPh HaNopa ceTesol M BOAONPOBORHOH
BOABI NMPH MakcHMaabHOH Harpyske. [ns pewrenun 3To#l 3aja4uu Ousa paspaboTaHa cooT-
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Ya6auma 10.1. Pesyanrarw pacueros Ha IBM nvaocrpenateneii n pacxonos CETCBON

Hexopnsie
: T | e
c i
varyoes | Syt | hodu | tepen | oo ST | g, | B feedone
il OT‘E‘PEH“" ro sogocnad- | Bogociade Mminﬁ! E'E z E?yz:si.l
¥ ol wexnn Qo' . o il b £ NDeR
A (rﬁ‘jjﬁ.t, MBT (l"uar.;:,flil Q?,"Q:ﬁp 39;?%‘3‘ L Ty %g gﬂ- Vil m:,
o <% | =& Vo
] 1,16 ()] 0,23 (0.2) 2.4 5 70| 150 2.2 1.2 1,2
2 i 16 (131 0,35 (0,3 iy 3 706 11560 a2 1.2 1,2
3 | 1,16 (l)| C.465 {(0.4) 2.2 3 70 | 150 22 1 L 152
4 1,16 (1)) 0,465 (0.4} 2:2 5 70 1150 e 1 14 1,0
5 |2.32 (2)] 0,465 {0,4} 2,0 5 70 1180 221 1,0 1,0
6 |2,32 (2)| 0,465 (0.4 2,0 5 81 |1b2,3| 2,2 | 1,0 1,0
7 12,32 (2} 0,465 (0,4) 2,2 5 4 163,31 2,2 1,0 1,0
8 12,32 (@) 0,165 (0.4) o 5 74 [153,3| 2,2 | 1,0 1.2
9 LLIG (13| Q465 (0,4) 2,2 ) 81 |162,3] 2,2 | 1.0 1,0
10 (2,32 2 1,16 (1,0) 2,0 5 74 |[153,3! 2,2 | 1,0 1.0

peTCTYIONLAN nporpamma pacyera na 3BM [19], Pacuyer ne 3Toft mporpaMMe COCTOET B3 UBYX
gacteil. TlepBas 43CTh RKAIOUAET BuIOOD Tna ¥ sineda ceknuit ofenx cTyleHel nogorpesare-
a5, Bropas wacrh NporpaMMsl BKAOYaeT pagyet pelyeMore pacxo/la ¢eTeBOH BOAL (PH BL-
SpAHKROM MOXOTPEBaTe/ e M S2IaKHLIX TEMILPRTYPIOM Fpadake W RHYTPEHHe TeMOCpaType
OTANAKBAEMH X NoMemend i, I1a 4aCTh pycuera NPOHIBOAHTCS I(ATAKOM MO UPOIrpaMME, OOH-
cagde Xotopoll NMaHo B Npeasaywem uaparpade.

Buifiop NOJOTpeBaTENER NMPUHABUAKTCS NPH TeMMePAaType H3JOMa TEMUEPATYPHOro rpa-
tuxa #7. lepaas cTynenb paceynThiBaCTCS IpK Ganavcorofl HATPYIKE IOPHUCTO DOAOCHAD-

WeHH 7 Qf == %5 QP ; 11 cTynenb — npu maxcuMaaskofi HArpyske Q¥. TIpx sTOM HCMOMF.

3YIOTCH VPABHEHMS XAPAKTEPHCTHKH TeNJA0COMEHHBX aNNapatos. ANTOPHTM PACYETa IPH-
nenen n 118] u [22].

10.4.2. NPHMEPSD] PACHETA

[To cocrasieHuolt oporpaMMe OBVIM NPOBEJEHB MHOUOMMCACHHLIE DactieThl aBoHeHT-
CKHX BBCACE IIPH Pa3JMHUHLIX HCXOAHRX JAMHBIX, KOTOPHE QUL PCMEHHD N0330MAIOT ONEHHTD
BAARHNE PASJASHBIX (PAKTCPOB HA THT M THCAO CeKUKE Huavl pesaredefi Top ANero BOAOCHAG-
XKeHHR H TpeGyemulil pucXod ceTenoit BOAKW. Pe3yabTaThl HEKUTOPLX DacteTOR NPHASIEHN B

raba. 10.1.
B pacuereXx 1—3 TCRJIoDEIE NOJCTAHIHH PARIKUETCA TOABKO BeAuUUHON HAPPY3KH ro-

paverc pogockabkerws. Ilpu Q) = 1,16 MBr (1 Fxan/a) Q°F = 232; 350; 465 kBt (0,2;
0,3; 0,4 ['wan/u), Tpn 310M BOZpPACTAET YHC/IC CeXKUMN Noporpesatetell, COCTABIRIOLLX CO-
orpeTeTBenno 3— 3; 4--4; 5—6. Yreanunpaercy rakie iHaMeTp Kopmyea oT 114 mMs nas aep-
BOTO BDOZA %0 168 MM 10% BToporo H TpeThery. Bospacraior w pacteTHBe PaCXOAL! cereHoil
roast VAU, cocrapanicwne 15,7, 17; 19 m¥/u.- Ha comocTasicnaa pacderoB 3 ® 4 BAAHO,
YTD yyeT XapaKTepHCTHKN PelYJAATOPd HE H3MCHACT TpefiveMoro THNA B 494 Cld CeKUBH Mo-
Zorpepatesif, a OTPaXaercg Ha Pacxofax CCTCDOH BOJN.

B pacsetax 4 4 5 0aMHAKOBA RATPY3KA ropAYelrv s0A0cUaGmendd QP = 465 xBr
(0,4 Tkan/u), a narpysxe otomnesns Q) cocrapasior 1,16 u 2,32 MBrT (1 ¥ 2 Txan/u), Bee

NpouHe YCAOBK: vxnHakeBL, B ofoux caynasx tpeGyerca CAHNAKOBH T THI NOJOrpeBarTe/
(Dg == 168 mm). Ipu Q) = 1,16 MBT (1 I'kaa/y) pacuctnuit pacxog cetenoR 8ol 19,6 md/y

K uuco cexnuil 5—6, 2 npu Q) = 2,32 MBr (2 Tkaa/u) udcao cexunit 3—3, pacxod Boaw
32,1 m/u,

B gacwrax O3 0 npHHATH pA3THUHEIE Tem:epa'rgruue rpadmkn: oronmuTeAbEbI (T) =
== 70 °C npu #§ = +2.5°C) u norwweHdst (17 = °C mpr &, = +2,5°C), Bee npoune
YCAOBRUS OAHRAKOBE. Pesylurari pacuera moKa3alH, YTO THIL JOAQFpenaTets W CyMMapHoe

YKOMO CRKURE ORHHAKOBH; MAMCHICTCS HX pacnpenetense: 3—3 NPE OTONHTENLHOM rpapu-
Ke ® 4—2 npu nopsiwexnoM. Ilpu oTondTe koM rpaduKe (pucder B} pacxo ceTeBod BOAw

Vo - 32,1 MY/n, 3ToT pacxos, onpeacicIuLil hpit £, ARJIACTCA MAKCHMATENEM. Mpu no-
BbwerHoM rpaduxe (pacder (), KaK NTMeYAJOCH BHILIC, HeoBX0AHMO NPOUSBOIATL PACHCT
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BOABL AANS PAAA TEMIOBMX MOACTAHUME € AByXCTyneHuaTofl nociaenoBaTe/BHOA cxemoM

LaHHble PeayabTaThl pacieTa
JonycruMue
PacuyeTnble pacxojbl PdarTHIECKHE

nor:g;unlia;opa [ c— n— duero cereBoft ao}:u. M3y norep:l:( Han:)pa -J;:n;c?;u;a
' KOPNYca | coyuit 1 | cekunrR Il e npu Q. H iy. M| OPOBOHOH
-3 i foforpe- | ¢rynenu CTYTICHH H opu 1 fem————— BOAL! f; TIpH
E’E o 2 3 BD&T?J;'HM “l I MHH MakKc unnH Q:l " :;'
ggﬁ 3 %E B Vo Vo Vo AH A‘ff{m'r ®

+4 20 168 4 4 16,97(19,58| — 1,47 | 1,46 60,0

4 20 168 5 6 18,93/21,80| — | 3,60 | 2,41 60,0

4 20 168 5 6 19,63|19,63| — | 3,60 (2,33 60,0

4 20 168 3 3 32,08(32,08] — 1,62 | 3,00 60,0

4 20 168 4 2 22,72(22,72 124,18 1,62 | 1,77 60,0

4 20 168 4 3 21,11 (21,11{24,291 2,83 | 1,81 54,2

4 20 168 4 3 20,30|24,35|24,30{ 2,29 | 2,40 60,0

4 20 168 6 5} 14,14 14,14 (12,70 3,60 | 1,27 60,0

4 20 273 6 10 31,36(31,36125,87| 3,12 | 1,43 60,0

pacxoja ceTeBOH BOJBl He TOJABKO NpPH fy, HO TaKXe H NPH #;. Kaxk BHAHO H3 NpHBeJeHHOrO
npuMepa, TpebyeMbili pacXol BoAH npu 4, (24,2 m3/4) rpeBelmaeT TpeGyeMulit pacxon BOJb
npu f; (22,7 M%/9) W fOAKeH MO3TOMY NPHHMMATbCA B KauecTse pacieTHOro.

Pacyer TenaoBoil noacTaHuun (6) 6L MOBTOPEH NPH TeMNepaTYPHOM rpaduke co cpes-
Kot T, = 74°C npu f; = +6°C u 1; = 153,3°C mpu £, = —26 °C (pacuer 7). B pe-
ayabrate GoJee HH3KOrO SHAYCHHA Ty YMCIO cexuuit Il eryneny yBeanuuJoch ¢ ABYX 10

Tpex. HecKoabko CHH3HACHA pacxol cerenoit oAl (¢ 22,7 ao 21,1 m3/4), B pe3 JAbLTATE TOTO
10 nph f§ — -6 °C narpyska oTOM/IeHHS MeHbIIe, YeM NpH = +25 C. B pacuere 7,

TaK Xe KaK ¥ B pacueTe 6, 6bi/Io MPHHATO YCJAOBHE, UTO PaCXon ceTeBOi BOIB HA BBOJ He MO-
JeT yBeauuHBaThcs ¢ yBenamyeHwem Qp (W =1 # VIPeR/VyH = 1). Bro npupeso X To-

My, uto npu Q¥ u V¥ = 21,1 w% 4 BoonpoBoAHaA BoAa B pacuere 7 HarpesaeTcsl BCero
10 54 °C. Opnako NOCKOJBKY PACYETHHM SBJAETCS PACX0] BOb!, ONpejleficHHb mpH i,
W paBubtit 24,3 M%/u, Harpes BomonposoiHOi BOAK (10 60 °C) nMpH 3TOM pacxoae ceTeBoN
Boab GyfeT obecnieded. Ecau cHaTh yKa3aHHEle OTPaHHYEHHS M JONYCTHTD yBedndeHue pac-
XOJla CeTeBol BOABL MOCAe NOoAHOro 3axphitha PP (V']“I’m/ VMHH = [,2), KaK 9TO NPHHATO B

pacuete 8, To PacXoX ceTepol BOAK BO3PACTET OT Ve = 20,3 M*/u po yNaKe = 24,3 w?/u

npa QF, uro ofecneyupaeT Harpes BOONPOBOAHON Boabl A0 f; == 60 °C. Tunm H YHCAO CeK-
UM MoJOrpeBaTess NP 3TOM He K3MeHsioTcs, B pacterax 9 u 10 onpeae/ieHsl Moaorpenare-
JR ¥ pacxojkl ceTeBoil BOAM npH 6o blikX 3HaueHusx p (0,4 1 0,5) ¥ NOBBILIEHHBIX TEMIIE-
paTypHHX rpabHKax.

10.4.3. BBIBOP ONTHMAJILHBIX MAPAMETPOB

Bo Bcex pa3paGoTaHHBIX MeTOAAX pacyera TeNIOBBIX NOACTAHUHA ¢ ABYXCTYyNeHYaTOH
NOCNeNOBATENbHON CXeMOli NPHXOAMTCS 3aJaBaThCsl BEJIHYMHOH Hejorpema BOJON POBOAHOMN
BoaB B | cTynenu nojorpeparens 07 JIis OUeHXH BIHAHHS BeJHYHHBl O HAa napaMeTphl Ten-
JNOBOTO MyHKTa GBIJIM MPOH3BEeASHH PACYETH MPH PasMHYHBIX 3HAYEHHAX 6¢ BBOza c pacuyer-
ol narpyaxoii otonaenus Q) == 1,16 MBr (1 I'xan/u) ¥ pasAHYHBIMK CPEAHHMH Harpyska- .

MU ropayero popocHaGxenns Q-F, pasunimu 0,35 MBT (0,3 T'kaa/u); 0,63 MB7 (0,45 I'kan/u)
n 0,66 MBt (0,57 I'kan/u). [Ipn npHHATOM OTHOUlEHHH QY/QP = 2,2 370 COOTBETCTBOBAO

MakcuManbHEM Harpyakam Q%= 0,77; 1,16; 1,45 MBr (0,66, 1,0; 1,25 M'kaa/y). Beanunnwl
8¢ B0 Bcex BapHaHTAX NpHHAManuch pasHbMA 1,5; 3; 6; 9 n 16 °C. Pacuernne KOS(DPHUHEHTHI
TenJonepeAaun nojorpesareneit npuuaMannch 814 Br/(m*- K). {700 xkan/(mM?-4.°C)] aas
[ cTynenn npu cpexuelt Harpyake ropsuero BogocnaGkenus u 1160 Br/(m%- K) [1000 xxan/
" /(M2 u-°C)] axs Il cTynenu npu MaxcuMaibHOM Harpyske ropsuero BOJIOCHAGXKeHH .

Ha puc. 10.4 npeicTasiens pe3yabTaThl PacueToB NPK BCeX HArPY3Kax ropAuero BOJO-
cHaGxeHus. Ypeanuenue 0f IPHBOAUT K 3HAUHTELHOMY CHHXEHHIO NIOBEPXHOCTH NOJOTpE-
paTesieil ¥ VBEJMUCIIHIO pacXoja cerTeBOil BOABL. TaK, yBelHueHHE 8fc 1,5 go 15 °C nprBo.
JUT ¢ CHHXKEHHIO TOBCp XHOCTH Harpena npumepHo Ha 40 % . [Tpu STOM CyeCTBEHHO YMEHD.
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Pure. 10.4. SasacuMocTH Me. acYeTHHM NAacxo-
dBAHALY P n F;ﬁz W

I0M CETeBoHR B8OALI B MOREDXHUCTLIO noJorpeRaTesed
TopAYCro BOAOCHAGMEeHHS [Pu Pa3aHYHBIX 3HAUCHI- 3
HX pacucTiHOre Helorpesa BOAONPORORHOR  BULbI
: g 1 erynesu 8 (opr Q)
5 , 120 ‘ 3
pacuerRam nerpyika oronaeHnst Qo=—1.16 MBrt {l Ianja); 5] 2
koshduicars Teronepesasn: | crynewn -— k= x \3\
~810 BT/(x®C) {700 kgan/{e-m>'C)] npu QEP: 1T ery 9 Jd
gests - k=1160 Br/(x)°C) (1000 kkaa/(nad*C)]  mpn QY & 5\: 9 ]
NYHKTHPRAR JHHEH -— DOBYRXROCTE I erynerdn; CAJAOWHAA (5"3#,.5'"[: \Q‘:\er
AWENA ~— cymmapuag mosepxiocT: p=QTP/QL A—05 40 3 —
5 —0,455; B — 0,37 M \h AY
I hY
B L AN
30 ] 15— o
| Pl pa T~
A% ~Q
g
%18 22 AL

maetcs mopepxXHocrs I cTYHENH NOAOrpesaTeds (nprxepHo ot 50—55 10 18—20 % ofmen
NOBEPAHOCTH HATpeBy), T. €. MAPAMETPLI BROTA npu Guaplinx 8¢ npub/iuacuiOTeST K Napa-
MeTpaM [peiBXMoueHrol cxXemk. OIHUBpPCMEHKO YKajunioe ypeauyenue Of NPHDOIMT X
BEJHMCHMID DACXOLa BOAB MPHMEPHU HA 20 %. [lpa OOHYHO TPHHAMaEMOM SHANEHHH
g;‘ = 6 °C nopepxHocty | erynewn coctapdaser 32—40 % 06wt NOBEPXKOCTA NOAOTpeBATE-
neir. Onrtamaaspoe 3kavende i onpeacasercs TeXRHKU-IKOHOMMHECKEM pacyetoM. Br6ap
onTAMaJdbHBEIX PACHETHBIX yc.rrt}nﬂﬁ NPOH3BOAHICH TO MAHAMYMY 3ATPAT, BA/IIOYARINAX CTOH-
MOCTL Tennosol cerd H NOBEPXHOCTH noaarNeRaTedei.
Kak creayer M3 pe3y/braToB pacticTa [22], ONTHMAJBHOE 3HAUERHE 61 unme OOBIYHO

IpPANHMAaEMKX 3H@NeHBE H Haxoguics B JHaNasoHe 1,5--3

4

o 8
2u/tap o/ dep E: N
b %] 1% 159
| N
%3 T 12 B
14 %0 A\ 49
69 164 47
47 ' g6 95 -

' -] g3
T T W T W7 AP 0 05 1y a7 O

aj
Puc. 105, JanuCHMOCTs OTHOCHTeREOH Harpysk# ovamnenns Qo/Qup OF OTHOCHTE/BHOF
HArpYIKH TOPRYETO BOAQCHADKERMSN Q./QtF npu paanHyHHIX SHAYCHHFAX ot

QL=1.18 MBr {I I'raaju); ty=-+2.4 °C; Qor=04l MBr (0354 [xaafs)

YeaosHule of8ojHaueHud . R T W R T ® ¥ A 3|
6#,°C.'...............1,5 3.0 6,0 9.0 15,0

a— pcp-Q:pri;#ﬂ,.?.; G — pep=-0.4581 &8 — pop==0.57
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10.4.4. «BAJTAHCOBAfA» HATP¥3KA FOPS4Ero BOJLOCHABKEHHSA

Ha ocHOBaHHH pe3yabTaTOB PACYSTOB TEMJIOBOH IMOACTAHUMH IPH pa3JHUHBIX 3HAue-
HHAx 8f na puc. 10.5 nocTpoeHbl 3ABHCHMOCTH OTHOCHTEADHOH HArpy3KH OTOMICHH Qo/Qo.p

0T OTHOCHTEJbHON HATPY3KH ropsuerc BoJocHalXKeHHH Q/ QP mpu ty = +2,4°C ("Qo.pz
= Qo.p/Q; = 0,355). Kax srano u3 puc. 10.5, npu olpenenesHON HarpysKe ropsgyero Bo-
JocHaGxKerys DaKTHUeCKas Harpys3Ka OTOIVIEHHsl paBHa pacueTHoli. 3ra marpysxa ropsue-
ro BOAOCHAGKeHH s, HasbiBaeMand «GaJdaHCOBONH» Qf, ABJIACTCA AOCTATOYHO cTaGHJAbHOMH NpH

pasanunux p ¥ 8. ITpw p = 0,3 u uamenennn 6ot 1,5 1o 15 °C %6 =Q§/Qf.p H3MEHSETCH

ot 1,06 g0 1,18; npu p = 0,456 — or 1,08 no 1,22; npu p = 0,587 — or 1,12 po 1,28.
Jlas NpaKTHYECKHX PAcyeToB Mo NpxBeleHHON B § 10.2 MeTOAKKE MOXKeT NPHHAMATbCH

CpeiHsis OTHOCHTe/bH&S «DallaHcoBafg» Harpyska %g = QP = 1,2.

10.5. PACYUETHOE WCCJELOBAHHE YCTAHOBOK C NMOCJIEAOBATEJIbHOH
CXEMOH

PacueTHoe HCCMEIOBaHHe BHINOJAHCHO ¢ rnomowbio 3BM Ha npumepe ojxoro
143 PailOHOB, /e MPHHAT MOBLILLCHHBIA TEMNEPaTYpHb rpadguxk, ¢ TeMneparypoi
ceTepolt BOA T; = 152 °C NpH pacueTHOH HApYKHOH TemnepaType £, == — 26 °C
H H3JIOMOM rpapuka f = --2,5°C; npu stom t{ = 81 °C,

Hike paccMaTpHBaeICst BJAMSIHHE OCHOBHBIX DPEXHMHBLIX M KOHCTPYKTHBHBIX
(baKkTopoB, OnpeAeIAOWKX PabOTy TETIOBOH NOACTAHUMH, HA PACXOA CeTeBOi
BOJIBI, HEOOXOAUMBIH A5 obecreyeHHsl BHYTPEHHEA TeMIepaTypsl OTanaHBaeMblX
MOMEIEHRIT B TEUEHHE OTOMHTEILHOTO Ce30Ha He HHXE 3alaHHOI.

10.5.1. KO3®®HUHEHT CY¥TOYHOHM HEPABHOMEPHOCTH HATPY3KH TOPAMYEro
ROJOCHABXEHHSA .

Kaxk u3BecTHo, CyTOUHbIA rPadHK HArpy.3KH ropsvero BOJIOCHA0XKEHHA XapakK-
Tepuayercs OoJIbLIOA HEePAaBHOMEPHOCTHIO, OTHOWECHHE HArPY3KH ropsvyero BOLO-

cHAGXKeHHS 33 ] U MAKCHMAABHOTO BOAONOTpeSAeHus K cpennecyrodnolt Qr/Qr,
HasbBaeMoe Ko3(UILHeHTOM CyTOuUHOR HePaBHOMEPHOCTH K, 3aBHCHT OT 4HC/A
KUTEJIeH, OOCIVIKHBAaeMblX TeMIoBOH Mojcraxuueil, Mccinexosanue BIHAHHA
¢opMbl  CyTOyHOro rpapuKa Harpyskd = Tropsiuero  BoJocHalmeHus  npH
HEH3MeHHOM 3HaueHHH K,, 3aKJio4aslieecsi B pacuyeTe OAHOH W TOH XKe TervioBOH
MOACTAHIUH NPH PA3IHYHOM COYETaHITH MPOAOJIKHTELHOCTH CY TOUHbIX EPHOAOB
¢ onpeeNeHHOil HArpy3Koli ropayero BOAOCHAOKEHHA (RCEro HCCAeAOBANIOCH
NsATh GOPM CYTOMHOrO rpaduka ¢ YHCJIOM NEPHOIOR OT YEThIPEX N0 CeMH MpH
K, = 2,0 - 2,2), nokasalo, 410 TIpH Bcex rpadlikax Tpebyemble PacXolbl ceTe-
BOil BOAbI OBIIM OAMHAKOBbI, [103TOMY B JadbHeduieM 1isi COKpalleHtst BpEMeHH
cyeta NPHHEMANCA FPAbHK HArPY3KH TOpsUero BOJOCHAGKEHHS, COCTOSUILHI H3
yerelpex nepuojos. [INA OUEHKH BJAHSAHHMA Ha TpefyeMbld pacxol CeTeBOH BOJbI

spagenus K, — QF/QF 6uu npoBefeHsl PacyeThi ABYX TEIVIOBbIX MOACTAHLHI,
OCHOBHbIE TaPaMeTPbi KOTOPbIX npusegexnt B tabil. 10.2. Kaxasiil BBOA paccuuThl-

Ta6auna 10.2. XapakTepuCTHKH TENJAOBLIX noAcTaHuM

% Cpegusn Harpyska ro- n ;
E PacueTnas HarP!'::’K“ pruero BojocH abmeHy s O'Eo;g‘:g?;:g;erﬁﬁrqem
e oTonnenusn Qg Qlczp. —
» £ p=0; /Qo Yucao ceXuut
= - Muamerp — — 1
a . KOpnyca, <
g EE MBr Tran/jy MBT Fxaa/u MM lni:?; IL;JS
1 256 | 0,244 0,21 0,081 I 0,07 0,33 100 5 B
4032 | 4,92 4,24 i 0,96 0,227 250 O )
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Ta6auma 103 PeayssTaThi PacueTos TeNna0BHX noxctakuui
(IpK PAINHTHRX CPAPHKAX HACPY3IKH LOPAYETO B0AOCHANMEHAA

Pacxoasl ceTesof BOIb TemnepaTyps
. na meo Vo, ®'fu. npn BHYTpeHHAR :3;::::1{::::}:05:;
Ne Tenau- 5 o : -
e | omaltics? g 1 grymens | TOTERTIR | AN o

CTaNLNH 0. w0 G.- _QM - lg‘f:?;nﬂrﬂh‘lg'c- npH
r= r r meqlﬂ By OI‘:Q:' i, °C

2.8 2,854 3,186 3,184 18,17 59,7

) 2.6 2,660 3,140 2,874 18,18 599

24 2,662 . 3,089 2,055 10,16 59,9

2,2 2,664 3,028 2,229 18,20 59,8

2,0 2.650 2977 1,961 18,20 60,1

2.8 485,785 53,348 39,299 18,07 60,0

0 2.6 46,780 52,567 34,621 18,03 59,6

2.4 46,785 51,042 30,878 18,0 59,8

2.2 46,785 51,317 27,135 1208 59,8

2,0 46,785 50,692 23,393 18,12 59,6

Bajcs NpH TATH CYTOUHsX rpadiKax Narpyski TOpPsuero BOAOCHADREHHA ¢
K, = 2.8, 2,6; 2,4, 2,2; 2,0, Pesyabrarn pacgeton fpH i — J25°C (i =
-~ 8] °C) npueegenn B Tada. 10.3.

Pe3yanTaThi pacqeToOB MOKA3BIBAIT, TAKIM OGDASOM, HTO HAMEHEHHE ReNHYH-
et K, = QYQE r unreprane 2,8—2,0 npy npHugTHX (GOpMAX CyTOUHOrO Ipa-
dlKa TPAKTHUECKH HC OKA3LIBAET BAMNHKE Ha PAacuCTHuill (TPH Q. — 0) pacxox
ceTepoli BOALL. MukcuManblE (mpr QF) prexol ceTepoi BOMBI HA BBOA H OUO(EH-
Ho wa 11 cTynent, HanpoTHe, 38BHCHT OT K. CHUKeHHE K.c28p02, 1 € Ha
30%, NDHBOAMT K CHHIKEHMIO MAKCHMATBHOTO pacxofia cetesoft Boap Ha Il c1y-
rnenb MpUMEpHO Ha 40 %, a Ha DO — mpuMepHo Ha § %.

10.5.2. THN (HOMEP) TOAOTPEBATE)IRN TOPAYEro BOAOCHABKEHKA H YHCNO CEKILHH |
H 1l CTYNIEHEH

ANaaus (HAKTHGECKH YCTAHORIEHHOTO 11a TETLTOBHX 1I0/ICTAHIHAX 050pYA0Ba-
KU TIOKA3BBALT GOIBILOE DA3HOCGP A3HE THITOR ¥ WHCI2 CEKUHI NO0rPEBaTCICH,
YCI‘HHDB.TI(:HHLIX ga TNOACTAHIHAX ¢ OPUMEDHO OJHHAKOBhIMY HATPVIKAMH QTO{i-
JeHHA H ropsivyero BOLOCHAGKEeHuH,

Tak, v R8yX aloHeHTCR paiona ¢ OAHHAKOBBIMH HATPY3KAMH OTOUJERHA
Q. = 0,244 MBT (0,21 I'kaa’u) u ropssero pogocHabkenns QP = 0,081 MBT
(0,07 Txan/u) (QeP/Qq — 0,33) vcranopiens! NOMOIPesATenH ¢ D = 100 wm.
¥ neproro afonenta 5 ceximi: 2 Ha nepBod CTVHEHH B 3 HA BTOPOH; ¥ RTOpPOro
11 ceriuii: 5 Ha nepBiio CTVIIERH K B Ka BTOPOH. D710 OOBACHALTCH, NO-BHIHMOMY,
DELTTUHLIME METOLHKAMH PACUETA WIH HCXOMAHBIMH JAHHBLIMH, TOJOKEHHBIMH B
OCHOBY pacuera (t-l(‘,!'LOI‘pEB BOjIBI B O OrPCBATENISX, TCMIEPATY A CeTeBOH BONLI,
HPW KOTOPOR MPOH3BOAWICA Dacuer NOIOTpeBaT2ARI ).

Bo MHO'HX CIy4asix R TEIIORLIC MOACTAlIHH HMEWT OIHHAKOBOE HHC/I0
CCKLHE nojorpepaTeiel H ONHHARCBOE PACHPEILINCHHC HX MEKITY I u I cryme-
HEMY, HO THOL NOACTDEBATEEH DA3THUHLL

KaK fokaza)n TEONCTHYECKHH ananns, pexum pafoTsl TEIOBOH NOJACTAHIHK
J4BUCHT JHILL OT YHCIA CEKI(MH B HE 3aBHCHT OT Tva NoJorpepaTens,

PacyeThl, TPOBCIEHILIE IS TEWIOROA MOLCTAHIHM ¢ Q.= 0,29 MBr
(0,25 Tkaa/u), Q<P — 0,127 MBr (0,11 ['kaniu), nopTREpANH 3TOT BuBoA. Ha
VKA3aHHON TEIIOBOH MOACTAHUKMH YCTAHOBIECH MOROTPEBATETD D = 200 mm ¢ ue-
THIPLMH CeKIHAME 11a | cTyrienn u ¢ mecTeio ua 11 Pacuern npi 3TOM JKe qucae
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Ta6auna 104. PesyasTaThl pacuera TenJA0BOR MOACTAHLMH
NPy PAsAMUNBIX THNAX NoJorpesarteiei!

[Q, =029 MBr (0,25 xaajs); Q=028 MBr (0,11 Txan/a); .

Q;‘ =0,290 MB1 (0,25 I'kanfs); umcao cexumit I crynenu — uvetnipe, I crynend — uiecrs)

JrameTp KOpOyca UOAOTpeBaTens, MM 200 150 100
[ToBepxHocTh, M%:
[ erynenu 41,4 28 56 14,64
[T cryneun 62,1 42,84 21,96
Cymma 103,5 714 36,6
Pacxon ceteBoit BOAbI, M*/d: .
Ha Bsoa npH Qr=0 3,46 3,46 3,5
ua seoa npu QY 4,256 4,153 4,2
tta I1 cTymeHb 4,256 4,152 4,2
Tennopas  Harpyska  nojorpesarteieli KBt
(kxanfu):
I erynenn Qs 61,2 58,5 59,6
' (52,900) (50.360) (51,580)
11 crynenn Qi 270 - 270 273
(233,900) (233,800) (235,360)
Cymma QY 331 328,6 332,5
(286,800) | (284,160) | (286,940)
Kos¢pduunent tensonepeaaun upu Qy, Br/(m*-K)
[KKkana/(M2-u- “C)]: : .
I crynmedn ki 208 (180) | . 311 (268) 620 (333)
11 cTtyneny A 286 (246) 422 (364) 840 (724)
Temneparypa °C:

BHYTPH NoMeLleHHst fu
npu #,= 2,5 °C 17,77 17,72 17.82
npH t, = —26 °C 19,5 19,5 19,7

ceTeROH BOABL Ha BBIXOAC H3 CHCTEMH OTOMJIE- '

HHA To2 : : : ' ,
npu Qr="0 47,6 47,6 478
npu Qp= QP 43,4 43,4 43,5
npu Qp= QY 23,4 22,6 92,8

"CETeRONi BOLL! Ha BHIXOAe H3 [ CTYNEHH T2 :
npu Qr=0 47.6 47,6 47,8
npn QP 25,0 25,0 25,4
npu QY 11,0 10,4 10,5

BOIONPOBOAHON BoAb npu @}
nocac I erynend iy 15,2 14,7 14,9
nocae 1i cTynetn f; 60,1'5 59,64 60,18

Ilotepsa uanopa npu QY. M: _
ceTeBOf BOABI 0,034 0,008 0,600
BOAOMPOROJLHON BOJK 0,130 0,248 0,943
! YcTahosaeHHble Ha BBONe H paccqmuaaﬁmueca ToporpesatTend  BbiNYCKAAHCE A0 BBeISEHUR

OCT 34—588—68, NOITOMY MX NMOBEPXHOCTH OTAHUZKTCA OT NpHBeLeHHbIX B Ta6a. 2.9.
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Teaobanua 105 Bananwe udcaa cenuui’rl # I cTyneHeR noJOTPEBATENR
p:0,333; Kﬂ ] Q:‘IJ'Q:‘:!}EQ ;S:

5:2 Yueao cekuud [ cTyneny
-]
|3 2 g. y
SoE T
Yo & iy a
s gl 0 ! - d !
288 179 276 17,9 267 1748
9 = — 3,37 18,6 3,29 184 3,14 18,1
2,88 15,0 2,84 15,5 281 13,8
286 17.8 276 17,8 2,67 17.9
8 - — 336 182 3,25 184 316 18,1
303 1748 2,95 16,6 289 139
286 179 273 178 2,67 17,8
7 e — 3.3% 183 325 18,1 3,19 18,1
3,18 18,1 3,11 158 307 140
284 17,8 273 1718 265 178
6 —_— — G341 18,2 3,31 18,1 323 179
341 183 331 16,1 3,23 144
281 17,8 276 179 261 17,8
) —_ — 368 17,8 3653 178 345 17,0
Je8 204 353 179 345 16,0

274 178 262 17,8 257 179

4 —-— - 1,16 17,2 393 17,1 aR0 17,1

4,16 23,7 393 206 380 18,3

3,14 178 28 17.8 972 183 253 178 252 182

3 6,71 162 543 163 4384 17,1 4,5 16,1 433 166

671 42,2 543 338 484 28,1 45 244 433 218
343 182

2 —_ i 5556 - 152 — —

5,56 303

»
Npuuewanue B Kaxion rpAde Talnume NpYbeLlEd CedYIOMHE AARHLIT FpK Iy— —}~2,5

cTpoka; V™, v, upn QF —mmkaad cipoka.

ceKuMi Oblad POSeACHs! TaKkKe Aas nogorpesateiel ¢ D — 100 u 150 nmm. Pe-
AYJbTATHl PACYETOR, NPHBeAEHALIE B ta61. 10.4, noRa3KIBAIOT, Y70 HECMOTPS Ha
CHIDKEHHE NDBEDXHOCTH HATPena NoyTH B 3 pasa TpedyeMbif pacxoil ceTeBOH BOJIEI
Ha NOACTANLEK He H3MeHWac# Gjarofapst COOTBETCTBVIILEMY YBETHYEHHIO KO-
ShOULHEHTOR TENJIONEPEIAYH {100rpeBaTCIe.

B nogorpeBaTesIX YBeJHUHIUCH AWIITh TIOTEPH HAnopa Kak COTCBOIT, TAK H
BONONPOBOAHOR BO/LL. :

BUKSIHHE qHeTa CCKIHA monorpeBaTedsi uceJleA0Dano Ha npumepe TernIoBoH
NONCTAKIAH €O CALNYIOWMMK napaMeTpamu: Qs — 0,244 MBr (0,21 I'kaniu);
Qe = 0,081 MBr (0,07 Tkan/u) {p — 0,333); K. = 2,8 nogorpesatellb ¢
I =100 MM ¢ YHCTOM ceKinf 2;= 2, z1 — 3. [lpod3poansuces paceTsl TpedyeMuIX
PacXoA0B BOXBI M J\PYTHX NapaMeTpOB NpH K3MEHEHHH YHCAa CeKIIHH nojorpesa-
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Ha pemxum paGoTnl Tengosoll noactanumn ¢ Q, ° =0,244 MBr (0,21 I'kan/u);
nogorpesateas D =: 100 mm

IMAIOIPeRaTe Id < 1

b 1] i 8 9
262 179 950 179 255 17.9
308 179 305 177 302 176 - -
276 125 272 11,6 276 107
262 179 259 179 236 178 2,55 17,9
310 179 307 178 304 17,6 301 174 —
286 126 283 117 287 108 280 102
262 179 257 17,8 257 17
312 179 307 176 3.06 17,6 - -
299 128 299 117 295 11
250 17.8 259 18,0 254 179
319 176 3,16 178 1 174 = -
319 13.2 316 12,2 31 113
256 17,8 252 178 283 179
3,38 17,2 3.35 17,1 327 17,2 - -
338 143 3,35 13,5 327 123
26 177 252 18,1 252 182
368 168 36 17,1 357 17,2 - -
368 16,6 36 152 257 14,2
25 182 245 18] 243 18,1 242 18] 939 18]
415 163 402 165 393 164 387 164 378 16,2
415 196 4,02 179 303 16,5 387 154 378 144

(V, m3/u; ¢t u t, °C): VR, (p-—nepxuan cTpoka; yMaKe iy npu—26 °C — cpeansin

reast | erynenu s jmanazsone () - 9w 1T eryneny b anauasone 2--9. Takun obpasoM,
BBLIH (1OJTYUe)Ib! Aalible 0 peKiMax padoTel BBO/ NPH JIOOOM COYLTARMM YHC/ia
cekiii [ u 11 erynenedt B ykazann oM 11ana3soHe, NpeacTapienlinie B taba. 10.9.

Ha puc. 10.6 npeicTasiensl pacxojibl CeTeBOi BOLb! Jouier, MBS ypH pad-
JHYHOM HECIC CeKIlWii nojorpesaresi, 0OecTedHBAIOULIE BILYTPEHHIOW TeMie:
paTypy He uuxe {, = 18 °C B TeueHHE OTONMTENBHOIO CE30HA H HATPEB BOAO-

npoBoHOi BOMLE NpH Q¥ no {60 g &

PaccMOTPHM OTAEALHO BinsiHie yieaa cekunit I1 1 I erynenefi nojorpesare-
as1. [py GO/AbIIOM HHCAe ceKumil [f cTynend pacxXoi ceTeBOH BO/LI 4 [T crynesb
upi £y = - 2,5°C 1 MAKCHMAILHOR 1IArpy3Ke MeHbILe, YeM pacXoil ceTeRoit BOjIb!
(fa BBOJ, T. €. PErY.LITOP Pacxojia MOJHOCTHIO e 3aKPLIBAETSH. IJTO CBHAE1E/ b
CTBYET O TOM, YT0 WHCA0 ceKii 1 cryient ssasercs H3bhTOUHbIM. [Tpn vmenn -
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QIeRH wHea CeKUME 00T PeBATENA {1 cTviCHH SHAUMTCILIO yBETKHABALTCA
NaKCHMATBELL pacxos cetesod bomsl wa Ll CTyUeHL Jpuene, Maxenman LIkl

pacxos Bombl Vi BO3PACTAET HEHAMHOIO. Ywexpuaeres pasaoers Vo' -

_. VMO 1 @ pACXO] BOLM, MPOXOMMUICH HepE3 peryastop pacxozs. B pesy.b-
TUTE VBeAUNEHHS MAKCHMaNBROro pacxoid CETEDON B TR HECKOAbKO YMEHBIACTCA
(mpit 2; — 2 < 4) pacueTnbiii Pacxor cetepoit Bogt V", TTpr yMeHbNICHHH
Guena cekitdit 11 crvrmend Ao jecTH BeJHYHHA V¥ nocturact Voo, 1. €. pe°
ryaaTop PACXOAA TPH WAKCHMATHLHOA HATPY3Ke NOJAHOCTDIO SAKPHBACTCH, 310
CBHAETENBCTBYRT O TOM, YTO 14 JAAaHHOH TeMJAOHOI NONCTaHIHE HE 1] cTvnensb
TpeGveTcs HIeCTL cekynii. Ilps MeHDIIEM HHCIE cexnuit 11 cTynensd MakcuManu-
HBl pacxos CETEROH DOJb HA BROI peako BO3DACTAET. XapakTepHo. 4T Tpebyw-
ncecst yneato cerupii Ha 1l eryuenn ne a4BHCHT OT 4vc/da CeKUM R 1 CTYNEHH. Ha
11 eryneip Tpedyercss WECTL ceKnuil KaK B c1yudge, KOrjia 1 CTyneHb Takme co-

VMY ' ]
= ZH=J
e Xﬂ V;mxcrvlp;‘am:
X
\.l’
38

MOKE=jsMONE ®
0 Yii }

MAHG . 1 /MOXE
o | Vi

22

0 g 5 3z,

3 5 .

Pic. 106 Pacxonm cereBoi BOIR Ra TEINORYR MOACTAHUUK OPH PasiuiHOM 4HCAE CEKUMI
nogorpcpaTens nepeoit Zx B Bropoit 211 cTynenel:

. ; MAKC , ,CD
0,=0243 MH1 (025 [nraaju); pep-0.333; Uy ;er w25 ponorpeEateds Mo 4 PACXOZM ceTemOf moak
MIH aKe MaKe
Vg, -~ Ha BROL MK o=, F:nm; VTI £ _uu sBOA W |l CTYNEHL NpH Qr : BYHETHPHAR JIKHHA —
MAKE o MEKC
V“_ = V"
Veaoprme OOCIHANEHAN .« .« o .o e X i A o -+ w A
2 3 q 5 o T 8 0

Wgcan cexkundt [T CTYHENH
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CTOHT U3 IUCCTH C‘EHuPlﬁ, TaK H B ¢ayuae, Koirja | CTYJIEHDL COCTOHT BCEro H3 JIBVX

ceKuMii. Pasidyle 34KJI04aeTcs B TOM, 4TO B NEPBOM cavuae (z; = 6) pacuer-

. ks ; e N o
ot pacxon Vo' <= 2,61 MYy, a makenManshuit Vo™ — 3,19 M%4, a Bo BTO-

poM caydae (z; ©= 2) 3TH BeJHUHHBl COOTBETCTBEHHO PaBHbI 2,85 u 3,41 M*/y,
1. e. npumepso Ha 10 % Ooabie.

Ha puc. 10.6 BHAHO, 4TO ONTHMAABHOE YHCI0 cekumit | crvienn zp = 5.
MeHblIee YHGAO CcEeKiil NPHBOAHT K 3aMeTHoMY ypeanuernio V'™ u Ve,
Boabliee 94HCI0 CeKIHA nojorpepateas | crvnenn HPAKTHUCCKH He NMPHBOINT K
yMeHbIeHuio V.

AHaJloruusble PE3YAbTalbi noaydednl 1 [pl pacuere TEIJIOBOH NOACTAHILHH
¢ Goaplyum 3Hayenuem p = 0.5 ¥ OoJAbLIEM THIOPA3MEDPOM IIOLOUPEBATEN
(D == 250 ma). Kar caejver vz HpoBeleHHbIX PAacyetoB, Ads COKpallleHHs Mak-
CHMaJbHOMO PACcXOfd CETEsOH BOABL B NCPBYIO ouepedb neobxogumo ofecreunts
JIOCTaTOYHOE YHCA0 cexuuit Tl crvmen.

10.5.3. PACUETHASL BHVTPEHHAS TEMNEPATYPA U OTHOCHTEABHANA HATPY3KA
FOPHYETO BOILOCHABXEHHSA

T OlleHKH BJAHSHIS PacyeTHoil BHYTpelnell TeMIIepaTypbl Ha pacXoi ceTe-
Boft BOABI OBbLIH 1IpOBeJebl COOTBETCTBYIOLLIIE PACUeThl TEMI0BLIX NOJICTAHLIHI
cp=0l8 <p p=03l =~p, np=044>p, rie p, — OTHOCHTEIb-
HAS HArpy3Ka ropsidero BONOCHAMKEHHA, LPHHATaf NPH pacqere TeMreparyp-
Horo rpaduKa paiiona. Bce pacuersi NPOBOAHINCE A5l CTALHOHAPHLIX PEXKHMOB,
NIPH KOTOPLIX TENJOAKKYMY.THPYIOILEs CnocodHocih 3MaiHi He YUHTHIBAETCH.
Jlns Kax1o0ft M3 VKa3AHIBIX MNOACTAHINH onpejeasacs TpedyeMbli pacueTHbIH
(npu Q. = 0) pacxoa cereBoil BoAR Ve /L8 MOTYYeln A BRYTPEIIHHX TeMueparyp
i, = 16, 17, 18, 19, 20, 21°C (c aomyckom -+0,2°C).

Pe3yabTatbl VKasauiblX PacyeToB, NMPEeACTEBJCHHBIE HA PHC. 10,7, nokazsl-
BaloT cClIeavioillee.

1. Jlns TenaoBbX MOACTaHUM, V KOTOPHIX p &7 (b, PacyeTHasi TeMneparypa
{, = 18 °C oBecneunnaercs NP NTHOCHTETBHOM PACYETIIOM ParXojle CeTeBoH BO/bI

VY4/(Qg - 12,5), Gauskom k egunuite. [Ipu 3TOM pacxojie BILYTPeHHAS TeMnepary-
pa coxpanusiercs HeM3MeHHOH NPH BCeX HADYKHLIX TeMueparypax 1. Oba 31H
YCJOBHST MPMAMMAIOTCS TPH  pacuete TeMmepaTypnoro rpaduka cermd. Ecau
AJAA 3THX TENJOBLIX MOACTAHUHE ¢ 0 = P, VMEHbUIHTH DPACUETHYIO BHYTpeH-
Hiolo Temnepatypy {, or 18 o 17°C, To w rpeGyembiit npn &y = +2,6°C
OTHOCHTENLHEIH PACXo] ce1eBoil BoAbl vMerbiitea ot 1 10 0,9. Onnaxo npy He-
H3MEHHOM TeMMepatTypHOM rparke B HOBLIX YCJOBH#X BHYTPEHHSSA TeMNepary-
pa He GyjeT coxpanaThes Henamentol u pashoi 17 “C 1pH H3WCHEH!H HAPYKHOH
TeMneparyphl. Kak BHaHo H3 puc. 10.7, npu cHHKeHHH L 10 by = —26°C 1,
cHH3HTes 10 15,5°C, Utobel npeloTBPaTHTL YKa3diHoe CHHKEeHHE TeMepaTypel,
HEOGXOMHMO VBENHUEHHE OTHOCHTEIBHOrO pacxoja cercoit Bozst o1 0,9 1o 0,95.
[ScaM yBEAHUNTEL pacuertoe 3nadenne f, ot 18 no 19 °C, 10 TpebyeMbiii OTHOCH-
TeALHBIT PAcXof ceTeBoi Boael Hph f; = +2,5°C yeeauuutest or 1 1o 1,06.
B 3THX YCAOBHAX HPH CHIDKEHHH HADYZKHOH Temnepatyphi 10 f; = —26°C
BHYTpenHsAs remneparypa Bospactaer or 19 a0 19,5 °C. Taknm o0pasom, Kak
‘BHAHO H3 puc. 10.7, ans1 abGoHEHTOB ¢ p = P, YeM DOoibilie OTKIOHeHHE yCTaHaB-
JMBAeMbIX PacX0l0B CeTEeBOH BOJBI OT PACYETHHIX, TEM CHAbHEE KONeGaHus BHY-
TpeHHel TemiiepaTypsl MPH H3MENeHMH HAPYXKHON Temneparypbl. JT0 ONpeles-
eTcsl nepepacrpeeeHieM Harpy3ky ropsyero pofocHaGxennst mexay I o 1l
CTYTIEHSIMH TIOJIOTpeBaTe sl B PedyabTaTe H3MEHEHHs Packola BOAbI HA TEJIOBYIO
MOACTAHI[HIO NPH HEPACUETHOM /IS STHX YCJIOBHH TemiepatypHoM rpagHke.
2. /I TenJoBbIX NOACTAHIMIL C o < P, PACXO/1 CETEBOH BOJbI, OGECNEYHBAIO-
it £, = 18°C npu f, = +2,5°C, Menbwe oronHTenpHoro. Kak BHAHO H3
puc. 10.7, 3Tor pacxon coctasut npumepHo 0,8 OTOMHTENLHOrO Pacxojid, pasHo-
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ro 10,8 M*(MBt-a) (12,5 v*'Tkan} orouniire;ibHoil HarpyskH., On 6yaer Hel0-
cTaToueH IS MOAep AU BHYTPeHHeR TennepaTyDhl {,== 18 “C npH cHHKEHHH
{,,. [osromy 1as aboHeNTOB ¢ 0 <T 0, pacyeTHLIl PACXO] CeTeBOH BOAbI JOTKEH
onpefetaThest npi b, = —26 ‘C Kax Buauo ns puc. 10.7, npu £, = 18 °C sTOT
pacxon fosKen coctapanth Vo Qo 12,5) = 0,97. C nopbimennem £, or —29
10 +2,5°C ¢, nopeunaetrcs ot 18 ;o0 19,5 °C. Hs pue. 10.7 BuaAHO, 4TO Aid MOJTY-
WOHHS HEHINEHHOH BHYTDOHHCH TeMIepaTypbl 10712Ket OblTb yCTaHOB/ICH OTHOCH-
TOJBHEIH PAcXo] CeTenoii BOAbI, PaBlibli |,15. Tlpu »TOM pacXole BHYTPEHHSS
TexMnepartypa, passas f, - 21 ", He OVeT HAMEHAThCA B reqenie OTOMUTe Ib-
soro ceszona. TlosTomy APH TPHITOM TeMaepaTy pHoM rpadike Tell10BYIO 10/l-
CTaHIHIo ¢ p — 0,186 MOKHO PACCMATPHBATE KK «THIOBYIO» TIPH DACYETHOH BHY-
tpenneii tenneparype f, = 21 °C

3. JLas TenqoBoi MOACTAHIBIM CP > 0y OTHOCH TeIbHbI PAaCcXoj CeTeBoH BOABL,
oOECTIeYHBAIOULHIT TIDH BCex 1, BHVTeHHION Teumneparypy f, He HHXe 18 °C,
ONPETETSIeTCs, KK BIJIHO 15 P, \G.7, apu £ — +~2,5°Cu cocTaBasier 1,12.
Tlpi cHiMenun {, 10 — 26 C BHYTpeHIsist TeniepaTypa pospacraet 10 19.7 °C.
Ten10ByIO NojCTalMiG ¢ p -~ 0,44 MOIKIIO paccVaTpiBATH RAK «THIIOBY IO» 114
NPHHATOrO rpaduka (pH pacdernoi piyTpesHell Temneparype f, = 16,5 °C.
Tpu OTHOCHTENLHONM PACXOIE BOAB HA BLOJ, PABHOM (0,98, BHVTpeHHAd Temnepa-
Typa f, = 16,5 nHe E3MEHAETU! B Teueiile OTONHTEIBHOTO Ce30HA.

OTMEHEHEBIC 3AKOHOMEDHOCTH H3MENeHHH B TeneHie OTOMHTENLHOrO CE30Ha
BHYTPEHHE! TeMiepaTypol aGOHCHTOD ¢ PASIHUHBIMH P HIJTIOCTPUPYIOTCH TaKKe
rpadHKOM, HIPEACTaBJ/IEeHifhiM Ha PHC. 10.8. Tasi uoTbipex abOHEHTOB, OCHOBHbLIE
XapakTePHCTHKH KOTOPBIX NPHBEACHY npefeTaBieH ol HHKe TabaHle, OblLiIH

onpeaeaeHbl TpebyeMbie PACXolnt CeTeBOH BO/b, obecrieuupaionHe f, = 18°C

npu £y = -+2,5°C, a saTeM 1pH 3TUX Pacxolax paccunTanbl BHYTPeHHHe Temme-
| ey
‘s L1 ts 1,=-28°C
21 B i E‘J // "20
I v iy »
i P 3 23 [ =10
19 Z | i L //
&~ TE,=92,5% | | N /
" // Sl il | ! 5 2 21 425
> I7 |
3 / ~J =20 l | ) / : |
x M. i S @
g‘_ Z.E! | t:i. i
[ 'f5 L 4 . @S
X 77 19 af 23 v M el oy
E 1 1 1 y iy ! 'E':i 'F? TR
g8 41 hIVy /dgr2.s 5
a) 3
g‘ ¢ :';u [ 1 l
L_ ,“ i :1; .I‘J MUH 6!
> L ”uj s % L Y2 3 8 & Yump
5 & C i )
= il o - 5T W2 gy VoGS
ty :fﬂ )
S 29
§f3
N |
ol — Pae. 10.7. 3a8BHCHMOCTh BHYTPEHHHX TeM-
nepatyp OT pacterHHX pacxo]lon ceTeBoi
BOJLBL
15 y i i1 -":-‘{:#I,E* MBT (1.6t URax4); 0=0,186; 6 —
‘ LJ;, 078 MB1 (067 Txaa/u); p=0,314; &~
13 i o | : s TRET) Bodd e
! ] 0. W }do amxfu); op=0.4%4 —
) 7 8 g v;‘“’*’ﬂiﬁ% Qo L K 0 -
' : : : i . pucHeTH paexod cetenoil poxas (IPH Q=05
‘o L jﬂf,ﬂ Vo /90-12,5‘ l,';”“' .")I_; . G2 ErHOCITe LK pacuerHetil

paexn  cerennil Boabl

196



Puc. 10.8. BHvrpenHue TeMOEPaTYpPHL

L]
CoanANBAeMBIX TOMCIIEHHH Yy aboHeH- tﬁéé‘:l—
TOR € pPA3.JJHUIBIMH 3HE}‘1‘{€‘HHRM51 Pep=
= Q?P/Qn:
No wpunon S 2 J
by 0.675 0,454 0,348 0,207 18
£r L
12 34
14
10 ) =10 =20 &y,"C
parypu npu 4, = —10; —20; —26 "C. Tak e Kak H 1a pic. 10.7, v aboHenTta

¢ p= 0,207 < p, BUYTPEHHSIH TEMIEPATYPa MO Mepe cuikenus £, 10 —26 °C
cHmKaeTes 10 £, - 15,5°C; y aGouenta ¢ p - 0,348 & p, £, = coust; y abo-
werros ¢ p = 0,454 u 0,576 =>p, {, yB&JIHUHBALTCH COOTBETCIBEHHO 10 20
w 21.0 7.

MapameTpsi PACCUKTAHHBX TEMIOBHIX MOACTAHUMM

No pwoa
[Mapaserp
" 3 1 2 [ 1
Pacuernuie Harpy3kH,
MBr (['kaaju):
Q. 0,336(0,29} 0,534 (0,46} 1,0{0,86) 0,38(0,33)
QP 0.07(006) | ©.185(016) | 0452(0.39) 0,22(0,19)
o 0207 | 03 | 0454 0,575
[MojorpesaTean:
1 c¢tynebnn:
D, MM 150 150 200 150
MHCJO CeKLHA 6 | 5 \ 4 | 4
[T crynens:
. MM 150 150 200 150
YHCO CeKLH b | 4 ’ 5 ‘ 6
PacyeTupi#t pacxed ce-
1e80I noabl, MU
e 3,44 5,87 12,38 5,28
L;'.\‘JF'IJI
— 0,948 1016 1,151 1,28
Q(}) s IQ ’ ‘-) ’ » b N

[Tposejenioe pacyeTHoe HCCIEI0BaHHE T103BOTHIO0, TAKKM obpa3om, yCT4HO-
BHTL OCHOBHRE OCOOEHHOCTH PaboThl LIHPOKO PACOPOCTPAHEHHBLIX TEOBLIX MO
CTAWIKi ¢ ABYXCTYNEHYATOl NOCJIN0BATETLHOH CXEMOJ MPH PasaHYloM coCTa-
Be 000pVAOBaHKY 1 PEeXUMHLIX (pakTopax. UHO NOKa3alo TakiKe 0oabILIHE BO3-
MOMHOCTH METO/1d MaTeMaTHUECKOro MoeipoBanud Terniosblx NoJCTanliHi KaK
JUTS LeTaliblbiX HCCTeA0BANMN, TaK i 1A HeNOCPeACTBEHHOrO PeILeHH s BazKHbIX
npakTHYeCKHX 3anay. T4k, 1718 OZHOTO H3 paitoitos T eliocers Mocskepro ny-
TeM pacyeTa Ha IBM Obiin onpejieaerbl TpedyeMble pacXoibl BOJbI ¥ 400 ren;o-
BRIX NOJACTAHILX{, CHAGKAIOIHX TETIOTOH OKOJ10 500 Teic. wed. JLis Kaxa0it noj-
craHiiy TpebyeMuiil pacxo/l ceTenoit Bojbi Obli OpeaeJieH npH GaKTHYeCKH YCTa-
HOBJICHHOM 000DV 10BaH!UH, (AKTHUECKHX HATPY3Kax ropsdero BOAOCHAGKEHHS
{1 NPUHSITOM B 9TOM paione TeMNepaTypHOM rpapuke.

197



10.6. BKCNEPUMEHTAJIbHOL HCCAEAOBAHHE XAPAKTEPHCTHK
TENNIOBON MOJACTAHUHHK C NOCALJOBATENBHOH CXEMOH

B KauecTse 9KCHCPUMBIITANBHON VeII0BOH NOACTAHURN 6r1T0 HCMOML30BAHO
OT/EJIRHO CTOSIINEE TPEXFIdAHCC KHPNHYEOE 3NAHHC NPOHIBOIACTBEHHOID HA3HA-
UeTIHS, UTO J,!,(}II)’CKBJIO II]’)OHSBO."IBH()E A3MCHEIHE PacXoldd BOSBI Ha ropsayee BO-
nocHabKene B COXPAHEHHE YCTAHODAEHHOTO PACX0A DO HEMSMEHHNIM J0 10-
CTHIKEHMH CHCTCMON OTCOIUIEHH YCTAHODMBILETrOCH 1eMJI0BOr0 DEKHMA.

[lpupetesntiie B § 8.4 pe3yabTaTsi HCHLITAHHE OTONUTENHHON CHCTCMBL ITOIO
3AHAH, PACYCTHBIE TeVIONOTEPH KOTOPOro Qs — 62 kBt (53 500 xxan/4), ne-
Ka3amh, 4To lapaMerp OTONHUTEIBHGH CHCTCMRL cocTapasier @, = 1,35 xBT/'K
[1160 xkxaux/(a-"C}.

Ha puc. 10.9 npeacrapieda cxema TCIVIODOH NMOLCTAHLIH. 1logorpepaTedy
FODSIYEre BOXOCHAOKEHHs BKIIGHEHNH 1o ABYXCTYNEHUATOH TOC/H eOBATE/LIIOH
cXeme ¢ repeMhiyKoi, JonvVCRAIER paboTy YCTAHOBKY TIO ABY XCTYTTEHYATOH
CMCTUAIIHOH  CXeMe.

Kaslan CTVIEHL TNOJOIPeBATeas BKJAOYAET TPH CeKnHi [ = 100 mm. Ha
Boie yeTanopaen seratop Ne 1 ¢ AMaMeTpaMil KaMepel CMEEHHA d,=- 15 MM
1 conan d; = 4,4 MM. '

[Ipn pacueTHoil HATpy3Ke oTOmieHdn Q, == 62 kBTt (53 500 kKa1/4) H OTO-
miresassoM rpaduke 150—70 “C pacueTibii Pacxoji CETCROR BOIBI HA GTOMIEHKE
V', = 0,67 m*/u, TIpn cpeaneft narpyske ropsueso BOI0CHAGKeHH S QP = 28 kBT
(24 000 kKkaa/u) pacxoi BOAONPoBIHOH BOALL V — 0,436 M4, B cBA3H ¢ 1eM,
qTto nojorpesatesy ¢ D = 100 MM paccuntTann HA IHAYHTEIBHO Oonbue pac-
XOJbl, YKA34HHHM DBLILUE pacxoiaasM BOIDI OTBEJYaeT .ﬂaMHHaprIﬂ pPeMHM TeueHA
BOALI B TenaooOyMeHHHKE (3dayenns Re cocTanIsgoT COOTBETCTBEHHO 400 u 900).
Oarako, Kak NoKazaiu nposeicinsie paree BTH nennranka pofo-BoAdHbIX NO-
rorpesarenel [49], B nocaeAuux He HAGMOLANCA JAMAHAPREIA POKHM TEUEHM
Jjae npi MadnX 3HaueHWAX Kputepist Re B mMexTpyGaoM npoctpanctee. Tlo-
JYUEHHBIE M3 OlibI TOB 3Hauents! Koaxpui1MeHTOR TEILTONepenaiH COCTaBAfioT Mpi-
mepHo 230 Br/(m® K) [200 kxan/(M® 4. "C)l. D1ve AHauCHHA OIHSKH K PacuCTHibIM
1A% YCI0BUEL ONKTOB, PACCHHTAHHBIN TG QopMY.IaM A8 TYPGVIACHTHOIO PexRMa.

[lo pesyasTaTam MCHnTAHHA OMPEREAsICH HAPAMCTP NOAOrpeBaTel NepBoH
crvienn ;. TIpu pacxofax BOAOMPOBOIHOH BOIBI 0,5-- 2,0 m%u sagenHs Oy
cocTapaniot B cpeadenm 1,25, OTKIOHEHNs 07 CPEHCr0 3llayeHks He NPCBLILAIOT
15—.20 % . Yaeauiloe auauenue napamerpa @, < ¢f =~ 0,1 1 /v, 470 cosnala-
eT C NpHBEJEHHBIM RhIILE PACcYETHHM AHAUEHHCM.
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Puc. 10.10, CpasHenne pacueTHLLX XapaKk- kBT g, [ W, =T W .} ]
FepHCTHK T':‘I[r."{(fu(}fi uo;u.rauugu C pesy.b- . kaA/Y T/4 N )}) :
TaTamy HCUKTAHH 4 30F 12 W:;ex AP
Jr e GO > 7
VcnpiTaHus  TENJOBOH  MOACTAH- i 20 08 7 <1 |
IIHH TIPOH3BOLMIHCH CJIeY IOLHM 00- z /o/ “\
pazom. [Ipu OTCYTCTBMH TOpHUYETO s T g% r,)/\ <7
BOJIOCHAOKEHNS VCIaHABAMBAACH ¢ Wi L
nomotipio PP onpesenednbiid pacxonr 0~ gt 0. :
CeTeBOH BObI M BKMOUAJICA [OTEH- 7,¢,°C o | Tez
HOMETP /151 ABTOMATHUECKOH 3AITHCI : &4 o
pACXO/I0B 4 TeMNeparyp BO/bI B TO4- ' iy
Kax, yKasanubx Ha puc. 10.9. 3arem 60 1 —x " X
nojdpajach BOAa Ha TropsAuce BONO- ' K&;E-.f‘ Ny
CHaGKeHHe ¥ YCTAHABJHBAJCSH Onpe- _ YN 2AT~N
nefeHublil  pacxon  BOAONPOBONHOI g ,,‘p\‘ﬁ"“‘
Bo/bt. TIpH H3MEHCHHH PacXoja BO/bI 2q > _c?ﬁN —
qepes 1] cTymeHb N0OTpeBates ro- U 0 !
pAYEro BOAOCHAGKEHHS CYMMaDHbIA g 20 40GnoicxKkan/y
1 | 1 | J |

pacXojl CeTeBOM BOIbI HA DBBOA HE \
OCTABANCS HEM3MEHHBIM, Kak 3710 ¢ g 20 40 60 80 kBT
BHJHO W3 pHC. 3.7, TAe NpeacTasie-

HLl CHAPABJIHYECKHE XapaKTePHCTILKH BROAA TIPH COBMECTHOH pabore peryasarto-
pOB pacxofa W TemMmepaTyphl.

McenpiTaH|s UPOBOJMAKCH NDH pacxofax poponposoaHoit Boaw V, == 0,3
0,5; 0,8 1,2 u 1,6 M%/u, uto NpH £ = 5°C u t, = 60 °C coorperc1poBao Ha-
rpysKaM ropsiuero BONOCHAGKEHHS Q. == 18,5: 32,5; 5I; 76,5; 102 kBr (16, 28,
44, 66 1 88 Thic. KKas/u). [Io OTHOLIEHHIO K PACYETHOH TEIWIOBOH MPOH3BCAHTE b
HOCTH clreTeMbl oToitaenust Q¢ = 87 kBT (75 Thic. KKaa/4) 9TH HAarpy3KH COCTAB-
asor 0,21; 0,37; 0,59; 0,88 u 1,18. [Tocre Toro Kaxk TeMnepaTypa Ro/wl Ha BHXO01€e
H3 CHCTeMbl OTOMJCHHA T,, B Teuetie 30 MHH HE H3MEHSJIACh, PEKHM CUHTA/ICH
VCTaHOBUBLIHMCS H PaCXOl BOOMPOBOAION BOALL Ha ropsidee Bojochalxenue
1I3MEHSJICS.

Pe3yapraThl HCNBITAHHH NPEICTaBAeRbl HA PHC. 10.10. Ha 3tHX rpadMKax
H300paXKEHbl BCE H3MEPEHHBIE PACXOibl M TEMIIEPATYPLI, jaiciie nojJHoe npe-
CTaBIEHHE O XapaKTePHCTHKAX TEerdoBOd NOACTAHIMH.

[To H3JI0KEeHHOH BbIE METOANKEe METOROM PYYHOI'D CHCTa OhlT HPOU3BENEH
pacuer XapaKTepHCTHK TErJIOBOH TMOACTAHIHH sl ycsoBHi onbiToB, 1lpu stom
B KauecTBe HCXOJHBIX IIpHHIIME}.’[HCb CJIE,II}’IO].LLH(—.‘ ONBITHLIE JIAHHbIE: TCMITEpATV A
coTeBOM BOIBL T, ¥ CYMMAapIRil PacXo/l CeTeBOH BOAbI Ha BBO] V., pacxoa V, u
TeMrepaTyphl BOAONPOBOHOH BOMKI £, HA BXOAE B nojiorpesateal: 1 cTyrnesu n f
HA BHIXQJE ROAOTPOBROJHON BOAbL M3 MOAOrpeBaTEIs [T crynenn.

[MapameTp OTOMUTETHHOH CHCTCMBI P = 1,35 kBT/K (1160 kkaa/(u-°C)l;
mapamMeTp HIDKHe CTy[eHH [00rpenaTels & = 1,25.

B peayasTtate pacdera xapakTepHCTHK TEIJIOBOH TCICTAHIHN ONPefCIsIHCh:
TeMiepaTypa CeTeBOH BOAbI MePel 3€BaTOPOM Ty, HA BLIXOLE H3 OTONHTEILHOH
CHCTEMBI Ty, Ha BBIXOJE M3 HHXHEr0 MOLOTPEBATENS Ty, TENAORAT HarpysKa cucre-
Mbi OTOILT2HUA Q,,, IPOMEKYTOUHAS TeMIEpaTypa BOAONPOBOJIHOH BOIbE {; MEXLY
cTyneHaMH nojorpesarens. PacueTHule HATCHHA VKa3aHNLIX BETHUHE TaKKe
usobpaxenbl ua prc. 10.10.

CollOCTABIEHHE PACUCTHBLIX XapaKTepHCTHK TEINOBOH (10/JICTAHILHR ¢ pe3yJib-
TaTaMd HCOLITAHHI MOKA3bIBAET HOCTATOUHO (JIH3KOC 11X COBHANEHHE.
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10.7. SKCNEPUMEHTANLHOF WOCTTEAOBAHME TENJIOBLIX PEXKHMOB
YCTAHOBOK € NOCHEAOBATENBHON CXEMOH

B peadbHBIX VCJAOBHAX OGOPY 1RAIHC TERI0BIY {10 3CTAHINA ¢ ZBVXCTYeHua-
Toft HOCIENOBATEABHOI CXOMOH nafaraeT Npil MeDEMEHHAX PeXHUMax, o6yc/10B-
JEHHLIX HEPABHOMEDHOCTLIO CYTOUHEIY (PAQHKOB HArpy3Ky ropavero BOjIOCHAG-
JKEHMS! 1 H3MEHeHH MY TEMITep ATy DL feTorofl BoZu B oJaontelt qunki. Hecaeno-
BaHHe (DAKTINYLCKHX PEMKINOB DATLTL 511N Y UTAHOBOK 1IPOBOAHNOCH HA MECTHOH
TENIOBOR NOACTARLNE, OOCTYAUBAMIICH DXL A0M, H Ha CPYNNOBON TerJIOBOH
noJICTAHITHK, OOCAYKHBaIGILAE 15 qovon,

10,7.1, HOTBITAABS s o0tk TERJACBORA NOJCTAHLILHH

OmBiTHAS TOIMAOBAR NOTCTAHILS OO 1V HRECT ATHITAXKILIA 60-KRAPTHPHBIA
AKHA0M A0M. TT0 (IPOEKTY pacueiitas [¢a0BAsS 1147 PY2Ka OTOMIeHIH (o = 174 xBt
(150 Thic. KKaa/y), CacTeya OTOIICINS OXLHOTPYOHASH ¢ 3aMBIKAIONIHMH ydacTKa-
MH ¢ BEPXHOH PasBOAKOR, DACBATOP OTOMUTEIHLHOMN CHCTEMb! ¢ AHAMETDOM kame-
pel cvemenns 20 M. MakciiMaThbiiash HArpy3Ka ropayero BO/IOCHa0KeH A 10
npoekty QF = 197 kBT (170 teic. &xas ). [osePXHOCTH HArpeBa MoJorpeBaTe-

aefi ropstuero BogocHatgerts 204 w* . Tepsad ¢Tynens BKII04aeT BOCEMb CEX-

Puce 10011, Pacxoa cotenait nomg ws F OTVIEHD TOOCPERATEAR FOPRYLTO o 0cHa0KeH
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[ Y 1. 34 3o, semin P R B epy T s ] 3 -
e He VG Dacnsy cerouai o0 a niand

Wil nojorperartets o L & GeTHING CERIMN TAKOPO Me 110A0-
rpesateds. TelidoBan HOACTaliiha Orlidlies? pOTYIATORON PEcXoia PP-40 »
PErVSITOPON TRMITEPATY L & DR U TS TepOpede H Kidnano PP-50.
ITPOHSBOANIACE aBTOMATHUETKE - Gi1E ORIy D 1 DACX000 BOisl. Hecwo-
TPS 02 PCIKO HAMCHEIOMEHCHE DOrNGL cosdadd Lot v 1 erynenn notorpesare-
Jas (pric. Y11} Pacxo Cerenai Buab 11 Butl, KAK BHLHO N3 pic. .12, gpasier-
Cs  JOCTATOUHO L TaOL 1 LA

Hamepsianeh TaioRe TeMuerasy i B 078 VIl
LETH OLLTH VETANOBACHLE iCPMOUPELL w oY Tbioli it DOACTRHON HIKATANH B 1Ie-
CTH KBApPTHPAEX, pacungosmcn iy i f-u, 2o, Jeat i 5-M1 JTaKax B yRIOBbIX H
Cpeannx [MOMEULCrX.

Tulipasapyecknil pednm TenaoBOH noieTatxaw, Hanop g ofparnoli Sy
CeTH lia BROAE covtap.sia H, -~ A0 0 G2 a0 qabop B onogaioucd i Hy —
= 85 == 953 M, Takua OOPAXOM. PACHDIATICNEH IANOP WA BBOAE COCTABIM
44---54 M MakCinan b Do XOA coresnit D0Us P ITON anRnchT o7 iaMerpa
Colsla smepartopa,

[pu nponeaeisin ferraniii 5 2 Ae7e. 000 1 CTaan i iRa Hes COILTa Ve TPOM
7.5; 6,0; 5.5 . Ha pre. 10015 apeiesaiivite: Lo CHNMOCTH DACX0 L CETEBOI BO-
Jibl 1A BBOT OT Haliona Iit‘P{‘,'l COINTAME VRHFHTIBIN AREANCTP OB TP I{U'&(I){I)HHJH:‘HTQ
ckopocTH comda g (1,95 Kaw suibo s oo dpabika, npn utaxerpe cona
7,5 MM MAKCHMAADLHBIA DACKQL COTEnnit 8O B8 860 TP IOTHOCTBIO OTKPHITOM
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peryastope tenmepatypul PT MOXeT coctaButh 4,4—4,8 Mg, TIpu DOdHMTHKD
JAKPLITOM PEUYASTOPRE TEMISDATYPBL NACO] coTenoll BOABI ¥CTANARJINBACTCS 11a-
crpoiikolt peryastops pacxoia PP, Tlpi pacxoae CCTERCH BOMARI BO BPEMYH HUNbLI-
Tausit V, = 1,8 - 1.9 »*y voreps Hanopa B 3TOM ColTE COCTANSLIA OKOIO
{0) M, a notepst wanopa B PP 35—55 m, TIpa noanom orkpurtsu PT pacxon cere
pOf BOMH HA BBOJ MOr VBOIMMHMEATHCA TPHMEDHOG B 2.4 pasa.
Ipr auaMerpe coivia 6,0 MM H PacXole cerenoil RO BO BPEMH HCTTRTaHUE
Vo — 2,4 M%4 notepsl HANCpA W COMIC TEDATepa CcocriniIflia 33 M, a noreps
Hatopa d PP 10— 20 m. MakcHMaZeERifl pacXo] cCTeBOH BOIbL Ha #HOJ NI NO.I-
HOCTRO OTKPLITOM PT He Momer npeppichTs 2,8— 3,1 w/u (YueJdH4eHHe Dacxond
p 1.2 pasa). [Tpn MHEUMAALIGHM AHAMETPC COMIA 5,9 MM paexni ¢eTenoft BOLbl
V, — 2,4 w30 umeer MeCTO NnpH noTepc Ha-
nopa B cortie 44 a1 TIpu sTonM noTepst 1anopa
B PEIY/IHTORC DACX0AA COCTABIAET B CPEIHEM
oM. Llpn uonsoM orkpatig PT pacxoa ceTeBoi
BOAB HE MOT DO3pacTi Goaee wem Ha G .
MakcHNaT6HET pACX0i CeTenol BOAK ‘epes
[T cryners npr 3ToM He upesnnnal 2 Mg,
MOCKOALKY [OBRIICHUAC japTenus nepes com-
A0M IpH odaoM orkpuTie PT Outo mexo-
CTATOUHLIM 2L4A Modnero 2akpuitiy PP,
Tenaonoit  pexmm  nojctanuwd,  Ha
puc. 10.14 npcacTanienbl peayaniaThl HCbl-
3 TAHHE TPH TeMIlepAType CCTEBOH BOAH Ty —
4 Vem7 == 192=125°C. DBBEIO YCTAHOHJCHO CONJIO
saepatopa Auamerpom 7,0 Mm. Pacxon cete-
GEepeE CONIN ACBATOPH: poit oyl 1,8—1,9 v*/u. Temunepatypa 05P3T"
KOPHILILIE CROPOCTH €ONAA (= HOH BOAEl OT OrONJCHAA COCTABRIAAA Tyg ==
=095; d, - .maverp comna ances-  — Hl°C, Boga s I crywewn nonorpepatesns
T warpeBasack a0 40—48 “C, a o II erynme-
i — o o0 60 °C. H3-3a waJjoil 1arpyskd
IT cTynmem pacxou cereBoit BOILI Hepes PeTy s To[} TeMitepaTy phl ObLT HEGOA BTN,
M pery. stop TEMAEPATYPhl MOAAEPIKHBAL TEMTePATYDY BO/LON POBOANON BOJILL B
uutepnade 10 "C 34 HOKIOUCHHEM MTTIOBEHHBLX i KOB 11 ¢OPOCOB HATPY3KH, KOTIa
TeMnepATypa BOAONPOBOIHOMN BO/IH CHHAKAIACE A0 37 waK uosbnLagacey 1o 75 °C.
CHHUIKERVE TeMIEPATY Dbl CeTEBOI BOAI 1TEPET SICBATOPOM COCTABI!IH 0 B CPCLNEM
10 °C., a CHUMKEIIHE TeMTepatTyphl CCTEBOl BOALL B | crymncHi noxorpesateds —
p cpexnem 20°C (o1 50 zo 30°C). B 1epHo1 MAKCHMATBHBIX HAIPYSOK TOPS-
Yerg BOJOCHAGKEHHS TEMICPATYpa CeTeROl BUJh CHHIKAETCT 10 7—10°C, a
HOUBK MOBLINACTES 0 Toe — 50 C. lHockonsky narpyska Tl crymenn mMana,
PACXOZ TENJIOTEl HA CHCTEMY OTOMJENHf B Te4EHUE CYTOK COXPAHSETCH JIPAKTH
YecKH HemaveHRbM, CPeAHHi pacXoi TCIA0TH 1A oTolaeHne 145 kBt (125 THIC.
kxaa/y), na ropadee sofocnabmenne 62,5 kBt (53,7 T KKaa/ua).

Ha pue. 10,15 npeactapiednl pe3v.iaLTaTh HCOBITAHKI TIPH MUIIHMAJBRHOH
TeMIICpaType ceTeroil 8ol Ty - 70 "C. 3Ti pCNHTAHEA NPOBOIUARCL N[ H COMLIC
3meBaropa HaMmetTpoM 6 Mu. PaeXoq ceTeBoR BOAbl NPU HOMHOCTLIO JAKPBEITOM -
ryaatope vemmeparypni 2,45 m*u. Tlpu oTKPLITHH PEryqaropa wemMncpaTypLl
pACXD COTCBOH BOURI HA BROJ BOSPacTal 10 2.9-—-205 M*u, Kax BuIHO H3
prc. 10.15. npH HHIKHX TRMAEpaTypAX CCTCDOHR DOAB JHAMHIELARHO BO3DACTAET '
Harpyakd 1l cTyneHn nojorpepaTess. Temueparypa CCTCBOH BOABI NMepeyL 3JC-
BATOPOM CHUMAETCA JIPH MaKCHMAILHBIX JIATPY3KAX TOPSINEro BONOCHGOKeHHA
or 1, = 70 10 T, — o07°C, a p 1 cTynesn nolorpeBatedn  OT Toy = 45 1o
Ty — 107G,

Kak Bujso w3 puc. 10,15, npn @ TeMneparypa BoaonpOBOAIOH BOABI CHIK A~
Jace 0 4, - 45 ¢C, 4TO ABASETCS pesy.IhTaTOM {I€IOCTATOUHONG PACXOAA BOIb
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uepea nojlorpenatedns 11 eryneun na-aa HenoHoro sakpoiris PP. Cpeitsist TeM-
nepatypa 00paTHOI CeTeBOI BOAbI T, == 27 C. Cyrounniit rpadmk pacxoaa ten-
JOTHI HA OTOILICHEE 1IMECT ITPORATH B MepHOA MAKCHMAbilbI X HAIPYSOK FOpAtCcro
BofocHabxKedHs . CpeaHnil pacxo/ Teinaofhl Ha oTon.aenie 64 kBt (55,2 ThiC.
KKaJ/4), Ha Topsivee Bojocnafkeune 71.0 kBT (61,7 ThiC. KKas'u).

Pesayib  1Tbl HCCICAOBAHIE XaParTepUCTaKi OTOMHTCJALHOH CHCTeMbl, TPH-
Benedunte B § 8.4 {raba. 8.2), nokasa iy, wrocpeilee 3HaveHue @, W3 ONLITOB CO-
crapiasier 3,04 kBT/K 2620 wiasi(u - C)l, uro na 2% Oodakine pacyeTHoro
3HayelHs. Pacxod TeliorTel Hd OTOHICHHE B TCUelie CyTOK BILIeH H3 pesy.abTa-
TOB HCHBITAHIE, TpeacTas icuubx ia puc. 1014 it 10.15. Hpu BhICOKHX Temnc-
parypax ceTeBoil BOAL BOJLOHDPOBGINAN BOLA HLArPeBd@ICs MOUTH J10 TpehyeMok
temnepatypsl B | ctynend. Bropas cryuens npm 3TOM HE paboTaeT, T4 = T,
I ropsayee BOAOCHADKENHE He BAHICT HA PACNOL Tel0Th HA OTOMICHHE. an HH3-
KEX TeMOepaTypax CeTerofl BOb! PACXOi TEILIOTR 1id OTOIIeHHC B HEPUO MaK-
CHMAIBHBIX DATPY30K ropaters soocHabmetins YMEHbILACT s, O1HAKO STH CHH-
KA SIBIAIOTCS KPATKOBPEMEH UBLIMIL 1, KdK NOKasa u pesy anLTarsl TEpMOrpa-
hupOBAHMS, HE OTPAKAOTCH Ha RHYTPEHHEN TEMITeparype NOMELLEH HH .

PesyabTaTshl HCOBITAIMA DOKA3BIBAKOT, YTO ABYXCTYNCHAATAS nOCae/10BATE 1h-
HAsl cXema OOeCICUHBAeT HOPMAILIYID  PadoTy  TeRAGBOH  HOACTAHUHA MpH
BCeX DPexUMax.

PacyeT TeMmJIOBON TOACTANIMN APH (Pak THHECKHX Tenaossx narpyskax. Ha
OCHOBAHHH OINPEIEJICHHBIX B O3y 1LTATE HCHhiTaliilil HATPY3KH ropsyero BORO-
ciaBKel sl 11 NapaMeTpa OTOMITeILHOI CHETEMBl OLIT IPON3REICH pacder Tpe-
GyeMOoro pacxola CeTeBOil ROALI DIl PAKTHHCCKID YCTAIIOBIENHLIX nojlorpeBaTe-
A8X ropauero Bolocnafxenis. Tenaonorepit SAAAS CHATADICL PABHBIMH pac:
yerHoM: Q) == 175 kBt (150 Tuic. xraa/w), mapaverp OTONITEALION CHOTEMBI,
onpejeieitsiii 03 ounton, @, = 3,04 <Br'K 12620 kxaa/{a-"C)l. koappnuient
emewnernsi ¢ = 1,95, Vuntupaiack Tome (haxrnmeckas XapakvepHCTHEA pe-
ryJaTopa pacxoid f - 1.2.

Pacuer TpeByeMoro pacxoila cereBoil Bodit A6 HOKPBITHS HarpysKil OTON.1€-
AKHsl K FOPAIYEro BOAOCHATKENIN DORAZAT, 4I0 il TCMNEpdiy pe HioMa rpadm-
ka tn = 4,5°C(ry = 70°C) pau obecnenenis BRYTDOHIICH TEMITepatyphl {, =
— 18 °C Ha BBOAC A0JAKCH OLTH YOTAROBICH Packo] cerepoil BOL, paBHbld NpH
ONIIOCTBIO 3AKPLITOM Pervasitope teMucpaiypy 2,32 »*/u. Tpw MaKCHMAMLHOM
HAYPY3KE TOPSIUero poaocrabmenns npacxol BOALE #4 ' eryneHn COCTABHT
9.93 M¥/u. [Ipu sTom peryastop pacxwid OYET HOAHOCTHIO 3dKPHT. Jlas npo-
nycKa YKA3aHHOIO Pacxoja sojibl Hepes | [ crvnens MOIGEP eBATCI JIHAMETp col-
112 37eBatopa MPH MHHUMATLHOM DaciofaraeMom Harope Ha BBOTE 44 m noa-
skeH ObiTh Be MeEbme 6,12 m. Tlpu yeTduosaennov B 3AcBaTope coltie  dua-
meTpoM 6,0 MM MaKCHMATHHLIA PACXO]L CETCBOR BO/IE 1 BBOX COCTABHT 2,81 M/,
MOTOMY TMPH MAKCHMaALHOI HIIPY3KE TORIUETo Bn1oCHaOKEeN S BOAOTPOBOA-
nasa Boja narpeercs ue jo 60, a 10 585 o

PacyeTHOe HCCJICAOPAHIC TENJOROT IOICTANIIMN, NOKA34a10, WTO NPH yKasaHn-
HOM BHILIE pacxone cetepoft noast V., 2.3Z w4 pACUCTHOH HADVKHOI TeM-
nepatype t; = —20°C (i = 150 “C) muyipenHas TeMrepaTypa MOBLINAETCH
10 1, = +24°C. TlockoabKy, K&K MPABILI0, MAKCHMATRHASE TeMIEpaTypa B CE-
TH ApH f; He Tpenbilaer 140 “C, BiyTpeHUssi TeMpepaTypa, Kax foKasaiH pe-
3yJLTATH PACUeTa, He NPesbICHT 1}, = 21 C. JLast COXpaHERHs HEeNAMEHHOH BHYT-
peHHeil Temnepatrypel f, - 18 "B TeHelHe BCCrO OTONHTEILHOrO Ce30Ha pdc-
XOJL CETeBOil BOAbI JOMMEH YMCHLIMATLCA 110 MEPE  CHHKCIIHS {, B COOTBCT-
cTBHH ¢ Jauusmu tabi. 10.6.

[of1epiKanne NCHIMCHHON BHYTPEHICH Tenneparyphl Iy i8 “C npu ne-
H3MEHHOM PACXOIe CEeTCBOW BOIhl B TCYEHHE OTONNTEALHEOTO cesona obecleyHBa-
eTCsl JHILD CHEILHAABIBIM, TAK [25hIBACMAM «IOBBIIRIHBIMY TeMNepaTypHbIM
rpadrkom. Paccautaninie TOMIepaTyph Cetenofi aojibl. ofecneudiBaiouie no-
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Tabaunua 106, Pesyaetaru pacuerd TpeGyemux PACXOANR CETEAOH AOARI
Hit BUGH HPH UTOOMTENLNOM TEMOSPATYPHOM rpaduke

ToMnepaTypa wapyseuarg mepyxa fn, °C
[Tatase -
SDAMUTD 4B l s ] 10 \ 00 l (o203
Tewnepurypa Cerenoll  DOMEC 1O 70 101 11~ 1ot} (140}
orenpednoMy rpadiky 1), °C - R
Tpefiyembn pacxoa CUTUBOR B0 _ )
uE muba Vi uip 2 33 2.0 1.87 P.74 (1.98)
% 100 §is $0) 75 (35)
Temieparypa OTaniEBacMuy o 18,2 18.1 I8, ! 18,40 (18,0
Meuteukl ty, “C

TaGanwua 107 PesysbTarn Pacniera GnRWINEHHOrD TemMnepaTypHoro rpadHka

Tesueparypn uapysinur seaayxn fa, "C

ITupamer
4.5 —5 - 10 —920

TesnepaTvpa ceTenoil  BLaM 0L 70 101 118 150
OTOANRTEABHOMY Tpadiky (1) o1.°C

TpedveMas TeMACRATYPA COTEROI | 78 1643 7.8 140.06
BuALl 1y, SO : I o

Teaneparypa oraniusaeMus 1o 18,2 i8,1 15,1 17,8
MELWCHEN {, TC i

Taanna 108 Bawanue nepepacnpeTeneHna MHCIa CEKUHR NOROCPCeBUTLAn
ropsisero soaocnafends mexay bu 1 erynensavn na nokazaredds paloTw BBOSA

a1 4 G‘l}JFFaTmG!lU

o 1 o .'lu\am‘4]3!z

Uncno vewuwmit 1 orvanenn zy

Upeao cexpnit 11 erynenu 7y

s S

Tpefiyeshit pacxajl ceTeROR  RGO-
Awi, V¥, TpH Tewnepatvpe Haanwad
rpahEka o
(#y--+4.5 “Cy Ty 70 °C), W

Ha wBoZ npr Aaspuram  PT| 2,6 | 2,42 | 2,39 192,35 + 2,36 | 2,121 2,251 2.0
‘,‘M“I[
L+ . i i
Ma nmoa mpH MAKcHmMaanwoR | 2,87 | 2,80 | 2,78 ) 2,76 | 2,76 1 2,93 | 3,31 | 3,92
RAPPYIKe  TOPAICIG BOJO-
caabmenus V)

wa Il crynedn upe  waken- | 2,25 | 2,24 2,32 | 2.49 | 2.49 | 2,93 { 3.31 | 3,92
MaJdbHOR Harpyake Iopsdero

BoaocHuOmenny Vi

TEMIEE]}ET’Y{)& OTAMAHBAEMBIX IO~
weleHnt 1, “C: _
upn 17~ 4.5 °C (1§==70°CH 17,8 | 17,8 | 17,0 | 17,9 | 18,4] 18,2 [ 18,2 | 18,2
npH = —20°C (1;=150"C); 24,6 | 24,5 [ 20,3 | 24 24 23.9 | 23,3 | 21,1

i Wi P .

Temneparypa aGpatuchht  cetenoft | 18.2 | 16,7 | 15,7 § 14,8 1 14,1 15.2 | 17,9 22,3
ROZH TIPH MAKCHMAJIRHOH Karpy3we
rapanero Rogoctatmenis 1p, "0

206



KpBITHE COBMECTHOH HArpy3KH OTONJEHHS H TOPAYEro sonocHabxenysi (cy6-
GoTHKII TPadHK) MCILITHIBABIIEroCs BBOAZ TIPH HEH3MEHHOM pacxoac CeTeBoil BO-
7ibl, paBHOM oTonmuTeNLHOMY Vo == Vo = 1,875 m®/u4, npeacrasaexn B Taba. 10.7.

TIpuBenenHbie Bbilue pe3y abTaThl ObI/IH MOy HeHEl NPH ¢aKkTHIeCKOM pacrpe-
JeJeHHH CeKUMil moporpeBatesns mexay I u i1 crynensmu (z, = 8 zi1 = 4).
J119 OLEHKH BJIHAHHS HA TOKA3aTeqH paboThi HCNILITHIBABIIEroCH BBOAA TIEPEpAC-
npeleneHHs UHCNA CeKUMHA Mex1y 1 u Il cryneHsMu (Mpy cOXpaHEHHH OOILEro
yuena cekwll HenaveHHbIM) Ha OBM 6bliH NpOBeAeHbl COOTBETCTBYIOUIHE pacye-
Thl, PE3yJ1bTATHl KOTOPHIX MPHBEACHEL B taba. 10.8.

Pesy./ibTaThl PacyeToOB MOKA3hBAIOT, UTO NPH YBEJIHYEHHH HHCJIA CeKIIMH
I cTyneny u COOTBETCTBYIONIEM YMEHbIIEHHH UNC]Ia cekumu#i I cTynenu ymeHbiua-
eTcs pPAcXOf CETeBOi BOIBI V"™, KOTOPBIH AO/MMKEH GbiTb YCTAHOBJTEH Ha BBOJ

OpH MOJHOCTHIO 3aKPEITOM PEryNATOpe TeMIepaTypsi. OnHOBPEMEHHO YBEJIHUHBa-
lOTCH MAKCHMANbHBIE PACXOMBI CeTeBOM BONBI HA BBOX Vy*K® M Ha Il crynens
Vwake, KOTOpBIC yCTAHABJMBAIOTCS B Pe3y/bTaTe OTKPHITHA PeryJsiTtopa TeMne-
PaTypHl IPH MaKCHMaJbHOH HArpyske ropst4ero sopocHalxkenus. B sTux pac-
yeTaX MPELNOJaralioch, YT0 pacnosaraeMbiii HaNnop H AHaMETp conJa He orpa-
HMYHBAIOT MAKCHMaJbHBIA PACcXOX CeTEBOH BO/bI Ha BBOX.

Ilpu umcne cexuuit I1 cTymenn noaorpeparess nsrh H Gojice Ve =g J/uane,

YTO CBMIETEILCTBYET O TOM, UTO PEry/ISATOP pacxoia elle NOJHOCTHI0 HE 3aKphI/I-
cs. [1pu yncae cexunit nogorpesarens 11 crynenn Menblue MATH Ve = e,

DTo 03HAYAET, UTO DEryJsTop PAcXofia NOJHOCTHIO 3AKPHIT H PACXOx BOAL HA
BBOJL ONpPeJeaAercs TONbKO OTKPhITHEM peryJjstopa TemnepaTryphbl. N3 taba. 10.8
BHIHO TAKXKE, UTO Mepepacrpene]eHHe Yncaa CeX1Hi NOAOTPeBaTENs B IHPOKUX
npefesiax Majo CKasbiBaercs Ha TpefyeMbIX pacxojlaX BOAbI Ha BROA. Tak, npu
yBe/THYEeHHH Z ¢ OT 4 10 8 ¥ COOTBETCTBYIOILEM CHUXKEHHH Zj OT 8 10 4 3uauenue
Vst cpmkaercs ¢ 2,42 10 9.32 M3/u, 1. e. Bcero Ha 5 %, a V¥¥¢ ygejyunna-

etesi ¢ 2,80 10 2,93 M4, T. e. Takxke Ha 5 % .

10.7.2. HCTIBITAHHS HA TPYMMNOBOA TEMJIOBOH NOACTAHUMH

I'TII, Ha KOTOPO# OBIIH NPOBELEHbI HCIbITAHHA (puc. 10.16), cnabraer Tem-
JIOTOfl YCTAHOBKH OTONJIEHHS H TOPAYEro popocHabkenns 16 XKuabIX JOMOB C HHC-
oM KuTenesi 3673 uen., a takxke 4 OOUIECTBEHHBIX 3LAHUA. Ilo npoekTty pac-
YeTHLIH PACXOZ TEIJIOTh HA OTOM/ICHHE COCTABISALT Q. = 3,7 MBT (3,17 'kan/v),
a CyMMa MAKCHMAaJIbHbIX HAarpy30K Ha ropsuice BoflocHabXKeHHe OTAe/NbHbIX 3/1a-
uit 4,1 MBT (3,42 F'kan/u). Cpefnee YHCJIO0 KATEIeH B KaXK1O0M 31aHHH 230 yeu.
K o3dxbHLHEHT CYyTOUHON HEpaBHOMEPHOCTH 2,85, T. e. CpenHss Harpy3Ka rops-
yero BOLOCHAG:KeHHs JKHJbIX 3aanuii 1,4 MBt (1,2 Txan/u). Ilpn sTom pacxon
sogsl coctasasier 130 si/(uen + cyT), UTO COOTBETCTBYET AdHHLIM CHull. Hasn
T'TIT mukpopaiiona ¢ uucioM xuTenel 3673 yesr. KospOULHEHT CYTOYHOH Hepas-
HOMEpPHOCTH 2,1, 4TO OnpejieifieT MaKCHMaIbLHYIO HATPYSKY ropsiuero BopocHa0-
xeHust Q¥ == 2,9 MBTt (2,5 I'kan/y). OTHOCHTE/bHBIE HATPY3KH TOpAUuEro BOAO-
cuabkenns Q¥/Qu = 0,79 pep = Q:P/Qs = 0,38.

OcnoBHOe 06opyAOBaHHe BK/ouano: | CTynmeHb NOJOrpeBatens H3 HETRIPEX
cexiuit D = 250 My ofiteli noBepxHocTblo Harpesa 66.4 M* 11 crynenp mono-
rpeBatens u3 9 cexkuuii D == 300 MM OOLIEH MOBEPXHOCTHIO 238 m?; aBa Hacoca
ememenust tuna 6K-12 ¢ pacxomom 110—200 m*/g npu Hanope 22,7—17,1 m ¢
saextpoMoTopom 14 kBT Ha 2900 06/MuH; peLMPKYIALHOHHEIT Hacoe, 0GeCneuH-
BAOLLHI PACXOJl BOAOMPOBONHOH BOALI HA DEUMPKYJISLHIO B Pa3MEDE 6-—8 m%/u;
DEryJATOPH PACXOAa H TEMIePaTypbl 3/1eKTPOHHO-THAPABIHICCKOrO THIIA, nos-
Tgunggmmnﬁ HaCOC BOJIONMPOBOIHON BOAEI, CO3AAIOUIMil JNOMOJHKHTEIbHBIA HANOP

—_— M-
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Ifa TTIT 6ui1m YCTAHOBAEHDI KOHTPOALKO-HIMCPHTCALIDIE TPHOOPLL, YKA3EH-
upie Ha pue. 100106,

Cuppasanueckuii pexum FTIL [T pacnosomena nezanexo ot TOLL. [ps
wanopax #a sepogaX T B nojawoieii ¥ paobrHol Marwerpanax 120 u 28 u
nanopst #Ha [ TIT cocraB.astau cooTReTcTRCHRO 110 n 34 M: Ona COXPaHAMIICL Hpak-
THUeCKY HenamerHLMI. KodhhHUHEHT CMelueHHs ONnpeieI-ercs TOUKOH nepe-
CEUeHHNST  XAPAKTEePHCUTHKH HACOCA CMCHICHNSA H XapaKTePHCTHKH CeTH CHUTEN
otonachus. [lpu pacxone cereoit Bogw 35—60 M%u kowfxpuukenT cmelenns
coCTaBas oKoao 3.5.

Peayantatnl HecaAeaoBalia TPauKOB HATPY3KN [OPAUCTO BOAOCHAGKeHHA
MOKA3AAH, UTO HATPY3KH TOPAUCTO BOIOCHAGKEIHS ABANOTCH CTAGHADHBIME H
B OCIOBIOM COOTBETCTBYHOT Mannsim CHull,

Tlapamerp oronuTenbHOH CHCTEMI e Pe3y.aLTATAM HCTIBITaH M|, NPHBCACIIITIM
b § 8.1, cocrapasier 79 kBT/K 168 1w, kxkaa/(u - "C)! puecro pacueTHoro Ana-
yerny (57 «xBT/K) [49,1 Tuie. kxaa/{y - “C)|, 7. e. npesronaer B 1,4 pasa suaue-
HHE, COOTBETCTBYIOULCE PACHETHBM TenaomorepsaMm  saanmit Q- - 3.7 MBr
(3,17 Tkan/u). I10 onpenensieTcs 3aBHILEHHOR MOBEPXHOCTHIO OTONHTENbHEIX
NpHOOPOB. HEVUTEHHON o1jladen TeNnIoTH BHYTpEINHel PpasBOAKON H KRADTaAb-
HLIMY CETSIMM.

Tennoswe pexumbi I'TIL Ha puc, 10,17 » 10.18 npexcrapiens: HPHMEDHBIC
pexnveat patbotu [N111 0pH MAKCHMAALHLIX Te:nr:e;_aa'rmax BOJIBI B COTH, HMEBILUH X
MECTO TPH MPOBELEHHH HCnhTaHHH, T, = 125= 130 7C (puc. 10.17) v MuHIMAIL-
nex 1, ~ &0 °C (pre. 10.18) aas e ¢ #ainGoasiieH HATPYIKOHR TOPSAULTO BUOAN-
cHabkKeHuda (Bockpecenne, cy6ora). o

. ;
; A ? Tod
H3 mennoBoi ! 7 a1 o3 \
i Wc = %. . P
e UF, AL |3 AL
. I 2
S 5
B mennolyio ﬂ gz [ T,
SEMTE u {(:\2
“—-‘F-—_——..._ -;c
v VB 7 a,% Tu n
o p— §
#3 Bodonpabindn
B

Pue. 1016, Cxoma nennirmsasmerion TTTT
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Fa6asua 109, Pacnpeneienue HATPY3KH MEXAY CTYNEHAMH NOAOrpeBATENS

: PaGatine Tin Cyfiora, BOCKpECeHbLL
1. °C Harpyska ropa'm;c
(X} T —r
soJocuabxeHRS, B 1 cTyneHs 11 cTYIIeHL I cryuent ! il eTyretb
Cpealsisi B AHEBHOC 100 0 96 4
1256—130 | Bpems
Maxcumanbran 80 20 70 30
Cpeanads u©  HNEBHO 75 25 60 40
100 BpEMH
Maxkcuvmaibnan 60 40 50 50
Cpeaustt B IHEBHOE 55 45 o0 50
80 npevs -
Maxcnmasnas 40 60, 35 65
i .
[pu 1, = 125--130 °C Temneparypa oGpatHoi BOJbI M3 CHCTEMBI OTOMJEHHS

7, npesbimaer 60 “C. [TosToMy MPaKTHYECKH BLSl HATPY3Ka TOPSHEro BOACCHAO-
wenus (96—97 %) nokpeiBasach I cTynennbio 110A0rpeRaTe s, JHID MNP MAKCH-|
MaAblblX Harpyskax Tropsidero BojOCHAOKEHHH, DEeRbILAKLIHX 3,5 MBTri
(3 I'kaa/u), 10151 HArPY3KH rOpAYEro BoLOCHAGKEHHs, ylokpbiBaevas 11 CTYyTies
Hblo, ypeanuusaaach 1o 30 %. Temneparypa 06paTHOI, ceTeBoil BOAbI Ty CHH{
adaach npumepHo or 60 °C B Hounoe Bpems 10 40 °C B\ 11eBuoil 11epuog
30—35 C 1npu MakCHVMaJbHOH HArpy3Ke ropsuero BOLOGE aoxenng. [lpy #
KHX TeMneparypax CeTeBOH BOjbi HalJII01aeTCs Haubobyasi\karpyska 11 T_VJ-
newu. npespiirajouiasi 60 % NMpu MaKCHMAJAbHLIX HArpy3KaX FOPAUEro BOAPLIALy /
weunsi. Temmepatypa OOpaTHON CeTeBOi BOAbI CHHIKAETGH OT 40 “C BAIOUHOE/ |
Bpevsi 10 20—25 “C B auesnoe BpeMs. /
*" Ha puc. 10.17 u 10.18 B KpyKKaX MOKa3albl pesy.1h1ark
sumos patots |TI1, nposenenusix va IBM. Tloayuenfbit
ToB Bansky K Gaktuueckum pexknmav ['TI1, onpeaenengpim
pPHMERTaJbHOro HCCIE10BAHHA.

Ha ocHOBaHUH pe3y/bTATOB HCIBITAHHE Dpacipezne)
o0elMH CTYIIeHAMI OAorpeBarte s NpH MaKCHMaJbLHOM, \cpeanen
HOI TemmepaTypax CeTeBOH BOIbI [PeACTaseHO B 1a6a.\10.9.

epdB pAla e/

pac
{rathl pachpt

eHue Hﬁiﬁj’réﬁx
MHHHY A

Hapsay ¢ skcnepuMenTaabusM Gbli10 MPOBEAEHO H pacuerioe HocASTNBANEC pasy
TumBaputelica [T{], nospoausiliee PelnTh caeayoune 3a1a4n. Lpu aammx '
panun TTTT (THI H 4MCIO CeKUHE nojorpeBaredei, NAapaMeTp OTOMHTEIbLHOR CHCTE)
yerHbI X TOIJOTOTePsX 3AaHKIl, rpaduke HATPY3KH FOPsUEro BOLOCHAGHC HITSN KO

pac-
fhenre

CMCLUCHHA, XaP4KTEPHCTHKE peryasitopa pacxoia ONPCAEAHTL: BHYTPEHHIPR, TQMACDATYPY
noMenieiHil NpH 3aaaHHBIX pacxojie ceTeBOIl BOIB W TeMIeparTypPHOM TpabfixeNy p4acxol
cetepoil BoAR, 0OCCHCYHBAOLKE 3afaHNYI0 BHYTPEHHIOO TEMTEpATypyj IO 3 Hit nipu

3aAHIHOM TeMIepaTypHoM rpadHke; TeMnepaTypisil rpapuk, obecneinsA0L i daatsyie
BUYTPEHIION TENTIEPATYPY NPH 3413 HHOM PaCX0A€ cereBoil BOAH. "{iacrlm'bt 1POBOYHAUCE TN
yeaopuit penuteiBasweiics TITnpn apyx rpadukax Harpy3ku rQpaceyo B cHalmeruHd,

COOTBCTCTBYIOULH X CyOOOTHCMY H BOCKPCCHOMY JHSM [P =1.2 l'xahv'\ur /1,4 MBr1)] u cpeane-
nepcasromy [QF = 1,0 Txaaja (1,16 MB7): |

Cy600oThuit rpaduk:

YHCAO MACOB . . e e e s 6 11 4 l 3
Qo MBr . . . - . . 0 1.4 2.35 2,9
Tkasf@ . + « « o+ o & 0 1,2 2.03 2.5
CpeaHencaeibHbiil rpapuk;
YHCJAO MaCOB .+ - o« - - = e 6 4 7 ) 2
Qe MBr . . . . - . - 1] 1.16 1,4 1,75 2,3
TRaMfu . = - « o o s 0 1,0 {,21 1,51 1,98
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Pue. 10,19 Puc. 1020
Pre. 1019, PesvasTatsl pacueTa BuyTPelnnX Temneparyp CTAILINREWVIR wansio epit pos-
ARWIBIX pacXndax ceTeBOl BoAbl Ve d napameTpax OTONHTEIBLITGTT CHETUMB 7,
] < . - " 2
Qb8 Mba (3.7 Cwaaiu); Ql-p—t.-1 MBr (1,2 Traaful, evOO0Ta CHAOMELIY i P 79w HY/R

168 Miaa/(u CH: mrpuxonnie - o= 37 gBAK (19 Mraa: e O]

Ni o Kpuvoil e A | 2
Pacxoy CETERON BOAR ],-’l,.
MAIg ; e e e e e e e e e RS & skl 1.5 0

Die. 10.20. Pacxousl ceteBoil Bojn Ve, tpebyouinecs a1d o0ecueuci-g 59,1400 APV
penseit TeMiepatypn fa:

Jo-s68 MBr (347 Trawm); a-—Qp =14 MBr (12 TKaaju) — cynoori; A-- G 116 MBa

(1 Txasfu) — Cpoineleicabiias HalpyiKi
Ne KPHMDBOR . . . . . - o s ml i wg AR R | 2 o}
P oo 14y -
N TR 0 14

vV OpACHeTHIMY TOMCK YKaGAH SEAVCHEH T, COOTBOTCTIYIOULNG M ACHRoMyY PAaCNaidLy e

Pacqerinie TONNONOTEPH NPHRIAMaTich pasHumu Q) = 3,7 MU (3.17 I'kaa’u).

Lia pwe. 10,19 npeacTasieHbl 3aBHCIIMOCTH BHYTpenueli TeMIepaTypel HOMCIHICHES O1
TeMUEPATY PRI HADYHKIOI0 BO3AVXE HDH cyOOOTHCH HalPY3Ke ropstticro BCAOCEA0MKEH NS H TheX
SNaMeHHAX PACXOAA CCTCBUI BOJK: BT, 48,5; 40 #*'u. Pacyers BLINOJICHE AT ABY X Jilae-
HUiT ApaMerpa OTONRTCABHOH CHCTCMB Dy== 57 kB K [49 riic. kkaa/(u-“Cy n 79 kBTVK
{68 thic. Kkaa/(u-"C)]. Tlepsoc 3nauciue @, COOTBETCTBYET pacteTHOi HPOE3BOIRTEILIIOCTH
oTotmreannolt cheremut Q) - 3,68 MBr (3,17 'kaasu); propoe anaucnac N0JAySCHO B pe-
AVALTATe MCALTanHil

Kax siaio u3 puc. 10,19, xas pacemarpupacmoit FTH neasmenntl 0 Pacyol ¢eTepoil Bo-
bl e 0BecneUHBAET HOCTOSHCTBO BUYTPCRNEH TeMIEPATYPU NOMCUCHRS 1y, Beawunna fy
BO3PACTACT MO MEPC CHHKCHUS HAPY KHOR TEMIICPUTY PLL. Uem GouibIIe PacXoid (CoTesoil BOABL,
TEM CHALHCC pacTeT BRYTpeHRAS TeMnepalypa. CYyMeCTBCHHO CKashiBaeTC Ha {p tapaMeTp
OTOUHTCALHOU cHeTeMbl D,. YBeauuenue @, o1 57 10 79 kBT K {or 49 1o 68 kkiaa/(v-“C)f
HPHBOJAKMT NPH BCCX MPOYHX PABHBIX YCJAOBHSIX K BO3PaCTANHIO piyTPCHIel TeMIepaTyphl

HOMCILCHMA 1 TOYKE H2ZJOMA TeMmepatyprioro rpaduxa ({; ~— 2,5%) na 1.5--2,5'C, a
UpH pacveTnoit napykmoii remnepatype (£ = —28°C) — wna 4—T7 "C.

Komdoprias suyrpennss temncparypa 18--21 “C obecneninacTtesl NpW pacxoie cere-
poil Boabl 40 M% 4 NpH YCAOBHH XOpolued @iy Tpennel peryNHPOBKH OTONHTEILNAIN CHCTEM,
OBCCTICUNBAIONLES PABHOMEpPIiBIE NPOrPeH BCEX TOMENLCHHI. AtoT pacxol paBer PACXOAY
BOJM 1A CHCTEMY OTOIIEHH s ¢ TellnoBoit Harpyakoi 3,68 MB7 (3,17 I'kan:u) npu o6LIYHOM
OTONMUTEJLHOM TeMIepaTypioM rpaduke.

Kak OKa3adi pe3y abTaThl PACYCTOR, BHYTPCHHRE TEMICPATYPBL IDH paciucTe 110 Cpeaie:
HOACALIOMY IpaduKy Topsdero BOAOCHA0MEHHS BHILIC, HCM UpPH pacuete 1o cybboTHEMY
rpadiuKy NAaTPY3KH TOpsuero sojgociiabxenna, Ha 1—1,5 °C BO BCeM AHANA301E MADYIKHBIX
TeMIICpaTyp M NpH BCEX pacxofax CeTeBOH BOAL.
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Ha 2BM Gruty npoH3seIeRH TAKKE pacycTul TpefiyeMhX Pacxoios CCTCBOR pOIB, ofec-
NEUHBAIOMEX AANARHYE BHYTPenioo TeMIeparypy NOMCNEHRAST t, = 18°C u 20 *C, ¢ 104-
ROCTLIO 40 10,3 °C npH cyGboTRAH H CPCANEHCACABHOR HATPY3KAX IOPAUCTO pajacHartKe-
nus. PeayanyaTh pacuira npeacTandenll Hy pHe. 10.20. Kax suixo u3 pue. 10.20, Hews-
MEHHAS BHYTPEIHIAN TCMUCPATYPA nfecneunsacTcd MPR NeRPCMEHHOM B TeHeHde OTOHNUTEI b=
KOIe go3olia pacxone ceresofl noan, MaMenennce pacxolia ceTenoll BOARI AGEIIO COCTARIATE
npamepao 10 12 % Tlocreancrno BRHYTPEHHCH TEMTCPATYPE MOAKET Oblil oOecienero co-
OTBETCTLYIONHN TEMIEP ALY PIEM THAPHKOM, BLia poWaReEH PACHET TUMUCPATYPHOTO IPa-
(DHKA COTH, MPW KOTOPOM BIY TPEHHSA TEMNCPUYYDA OTAMIHBACMEIX [TOMCLICHRH 1T pACCMas
rprsacyoi [T mogzepsapeeica pasnof 20 "C. PacveT NPOH3BOAHACH TIPH CPeIHERETENb-

HOM FPABHKC HATPYANH TOPAULTY LOAOCHANKEHH S QP = 1,16 Ml (1 ['Kas/u) npu pacxo-

ne  ceTepoi noget 41 M4, a4 TAKIKC TPH cy660TueM rpahHKe Karpy3Kh Q'lif’ = 1,4 MBr
(1,2 Tkaa/u) IpH pacxoAc noau 45 MYy, 3 pacxoam, Kak suano @3 puc. 10.20, obecicun-
BAI0T B TOMKC HAJUMA CYUECTnyiomerv rpadyka (npn f = +25°,  =83°C) 4 =
— 20 °C. Pesyantathl pacuerve TpeGVeMLIX TCMUEpatyp ceTenol BOAN B NOAAIGHIET SuKuHY
T, d THKAE NOAYHAGMBIX CPLALCCY IOMHBIX TeMucpPaTYp R OGPATHOR JIHHMH TpeicTARIenkl Ha
puc. 10.21. Tam ke WIPUXOBLIMH THRHAMU 1UKa3dH TIPWHATHH B pudone TeMnepaTypPREIR
TpaiiRK CeTH,

Mpagcaensne RENE Pe3y/LTATH Pacyeros TeNJORKY PEHHMOB [TIT noaywerbl Npd
VCAOBKN, Y4TC TENAOTOTEPH UTAMIMBARNELX sguinit panabl pacuetHuim: Q) 3,17 U'kar/y
(3,68 MBT), JKCUCPAMeHTAIDHOIO OUPCReSCNHA TCLAOTOTEDD afaHAf He [IPOH3UOAHACCH,
Coay TenACNOTepy 3AaninK UPERLILAIOT PAcTICTHEE, rpebyemeiil pacxoy ceTeBUH BOAL yDesil-
yupaetca. Ha puc. 10,22 aokazdiul B XaUeCTRE NPHMCpa pacxadki BOIM Ha I'TIi, oBecmne-
GHBAMILKC 3844HIIVIO BHYTPENHIOK TCMIOCRATYRY poMemenuit #; = 20 °C npy pa3IHUHBX
pACHETHEIX TCHAULLIX noTepax szanait. Q) = 3.68 MBr (3,17 P'raa/y) (LpocKTioe 3ua7Te-

HHe), & TAKMe Qs - 4,17 w 4,60 MBr (3,6 n .

4,0 I'xan/y). Bo peex ydafX puacxon ceTenod r A
. Vou¥/u
ROJLI CHRAKAUTCS [C Mepe CHHMcunsd HAPYXHOH L i
TEMAepatypu, o 7
51 o =
! "'I T I
te.°C ] : T l _ &7 -h—u\ Y
2 7 7] et SR S R B .K‘“""':t
4 I J—Iry’u H .-.hx-'h-.
R = | 43 —
100 — o8 ; |
- S I ! i Js -'1“

A gl
e | L 35
Zﬁ'm P = y 4 s 4 -4 -1z -20 =26
/ i C Temnepamypa rapynoze Soddyea iy °0
Puc, 10.21 Pue. 10.22

Pnc. 10.20. Tewmepartypuwe rpatduss, ofecnesupaioniye 3aAaHHYR BHYTPCIIQC TeMnepa-
Typy 1h=20 °C;
PACUCTHME TEMINEOTCNH 5y aHNi Q(’, =368 MDBT (317 Tranfu}, udpaMerp CHETeM  OTONIEHHT G-
=79 gBTAC (B8 Mxaaifu C)]; nITPHXOBLIC AHHEHH — TCMUCPATyPHEIL rpafikk paftona; X — rpauK npx
L
CPPESHOHSACTLHOI HATPY2Re l‘Jrl =117 MHBr (1 [raam), Ve—db w%a; & rpadms aph cyBOOTHCHR Ha-

rpyaie Q:‘-p < 1.4 MBt (1.2 Tranf), Ve=d5 miu

Puc. 10.22. Pucxonit ceteroit roasl ug 1 TTT, tpebyomuecs  Aaf  OOCCHCyelHs  3aLAHHOR

'

piyrpennel Temnepatypet fu=20 °C npH DAITHUKBIX PACYETIRIX TRTIOMOTEPAX sauuni Qo

WANAMEIT manATedeHoR cHeTenn Pu=T wHifk (08 Mygan (v C); Q;p—hlfi MBt (1 Twanfd) — cpea-
neneicdbiad Harpysixa

NEOMPHMOM . . . . e o - o e e e v A 2 3
Qo

MET . v v v v oo o oo ox e e e e w 4,86 1,18 3.7

BRI I i s smn Spl e s 8 B | 3.6 3,17
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Takum 00pa3oM, pesy bTaThl NDOBEAEHHBIX HCMBITAHHH NO3BOJIHJAH NOJYUYHTb
NOJIHYI0 KapTHHY SKCMIyaTalHOHHBIX PEXUMOB HHAMBHAYAJBHBIX H FPyNIOBRIX
TENJIOBBIX NOJACTAHIKE BO BCeM JHANA30HE TeMNepaTryp ceTeBOH BOAB, HATPY30K
ropsauero ponocHabGxenusi U T. A. PeayibTaThl TepMOrpagupoBanHs MOMeIeHHH
[OKA3aJ¥, UTO CYTOYHble KosaebaHus pacxoda TemJOoThl Ha CHCTEMY OTOIlJIEHHS
npu pabore ABYXCTYTeHYaTOkH nocae10BaTeJbHONH CXEMBI He OTPaXKaloTCA Ha BHYT-
peHHell TeMnepaType OTan/HBaeMblX MmoMelneHui.

McIbiTAHUS NO3BONIH TaKKe anpoOHPOBATbh METOAUKY pacuera abOHEHTCKHX
BBOJIOB, [IOKA34B XOpollee COBNajenHe pacyeTHBIX pEXHMOB C pPe3y/bTaTaMH HC-

NMBEITAHUH.

10.8. OBJACTH NMPUMEHEHHUSA H CONMOCTABJEHUE PA3JIHUHBIX CXEM
MPUCOEAMHEHHKSA HATPY3KH FOPAYEIQ BOAOCHABXXEHUS

CxeMbl NMPUHCOETHHEHHA HATPY3KH T'OPAUETO BOJOCHA6KEHHS K TEIJIOBLIM Ce-
TAM OUpEIENSIOT YAeAbHBIH PACUETHBIH PaCXOA ceTeBOii BOABI, IO KOTOPOMY pac-
cunThiBaeTcs anaverp cetd. [Toatomy BHIOOp TOH HJIH WHOH CXEMbl perJjiaMeHTH-
pyerca CHull [65].

o stum CH#IT cornacHo AeHCTBOBABLIEMY B TeYEHHE ATHTEJILHOrO BpEMEHH
n. 4.14 cxema npHCOEAHHEHHS nojorpesateeli ropayero BopocHabxeHus npH-
HUMAACH TOJALKO B 3aBHCUMOCTH OT OTHOCHTETbHOH MaKCHMAJIbHOH HArpysKH
FOPAYEro BOILOCHAGKEHHA PHAre:

MpH PY2%e < 0,6 — no ABYXCTyneHuaTOH [IOC/IeI0BATENbHOH CXEME;

npu 0,6 << p¥e*¢ < 1,2 — 1o ABYXCTYTIEHYATOl CMEIIaHHOH CXEME;

npu pheke > 1,2 — no napajjie/ibHOd CXeMe.

[To 3Toit persameHTallyd A OOJNbIIHHCTBA MHIBIX MHKPOPAafOHOB MpHMeE-
HAJAch JIBYXCTYNeHYaras Moc/eNoBaTebHas CXeMa. [locae ssexenns ¢ 1977 r.
CHull 11-34—76 «Topsiuee BopocHaGxenue. HoOpMbl MPOEKTHPOBAHM [64]
¢ HOBOI METONMKO# pacueTa MaKCHMajbHBIX HArpysOK rOpsiero BOjlOCHA0XKe-
H¥si pacyeTHBIE 3HAYeHHs P¥*"¢ BOSPOCJIH H A GONBIIWHCTBA HKHJBIX MHKDPO-
paiiOHOB MPEBLICH/IH BeJIHUHHY 0,6, 4TO MPeloNpPeIeaHI0 MHPOKOe NPHMEHEHHE
eMemAHHON CXeMbI, 8 CIeloBaTe/bHO, YBEITHYeHHE YAEIbHBIX PacXOioB ceTeBch
BOBI M AHAMETPOB TEIJIOBbIX CETeH.

B nocsiensiee Bpema raasa CHull 11-36—73 [48] nomoanena pasjie/1oM, Ka-
CAaOMUMCsT, B YACTHOCTH, CXeM TPHCOEHHEHHS noxorpesarene ropsiuero Bojio-
crabkenusi. C 1EBlo COKPALIEHHS METAMOEMKOCTH CHCTEM TeryiocHaGKeHHsT H
Pacxojia 3JEKTPOIHEPTHHU Ha MepeKatky TEMJIOHOCHTEIST 3HAYUTENLHO PACIIHPEHA
ofs1acTh NPHMEHEeHHs CXeM, B KOTOPHIX LISl CHHXCHHS K2 TeMJOBOH HArpy3KH
HCTIONB3YETCs TenJOaKKyMy IHpYloliasn crocoGHOCTh 3AaHHi. B KauecTBe TaKHX
cXeM Hapfajly C [HPOKO pacnpocTpaHeHHOMH JBYXCTYIEHYATOH MoC/iel0BaTeAbHON
CcXeMOii TIPEAyCMAaTPHBAETCA CMEllaHHasi CXeMa C OrpAHHHEHHEM MaKCHMaJbHOTO
pacxojna ceTeBoil BOMb. OGe STH CXEMbl TIPHMEHSIOTCH B IUMPOKOM JHANasoHe
0,2 << paxe << 1, oxBaTeiBalOWeM MPAKTHYECKH BeCh HKHJHILHO-KOMMYHaAbHBIH
cektop. OAHOBPEMEHHO Pe3KO COKpalllaeTcs 06aacTh MpHUMEHeHHs: OOBIYHOH CMe-
11aHHOI cxeMbl. O6JacTh TPUMEHEHHS TOH MM HHON CXEMbI CTABHTCH B 3aBH-
CHMOCTB OT IPHMEHAeMOro B paioHe rpapuka UeHTpalbHOro peryJanHpoBaHHs OT-
MycKa TeMJOTH, a TAK¥Ke OT CXeMbl aBTOMATH3ALHH TennoBbIX noactaHunii (48],

Cojnepxkaiiancsa B [48) pernamenTanus NpeaCTaBJs€TCA HeJOCTATOUHO SICHOM H
oBocxosannoil. BTH npepnoxen BapHAHT periaMeHTallii CXeM IIPHCOCAHHEHHA,
npuseienHbii B Tall. 10.10.

[TockoabKy coraacHo [48] OCHOBHBIMH CXEMAMH NpHCOeAHHEHHS NoforpesaTe-
neifi ropsuero BoxoCcHa(KeHHSA CTAHOBATCS IBYXCTYIIEHYATbIE [TOC/IEA0BATEBHAS
W CMellaHnast ¢ OrpadHyeHHeM MAKCHMAJIbHOTO pacXoaa CeTeBOH BOJbI CXEMBI,
NpeACTaB/IsieT HHTepeC HX CONOCTABIEHHE TI0 pacxofiaM ceTepodt BOAb npH pas-
AHUHOM COUETAHWH CEKIMH Mojorpenaress TOpAUero BOJOCHAOXKEHHS U pas/iuy-
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Tubauua 10,10, BuGop cxemul npHCoeaHeHH A NOZOTPEBATENER
fopauero BOAOCHAIKEHHA

- OOMECTREH bIC
U BparEsnT
. . AHARAE WD e 3 Takng HOR HATRYAKOR
SAAMKA, NPHCODARHEHHLIE C pacueTHO Harp: tKofi ACHTHASIH n::_‘"[';-::}_,:":;;;gkﬂ
K TemABBAR naACTANKEY e foulee 15% pacdcTHOR HarpyIkn OTONACHMA CGLLAEIHM, W 1T
HABDACTBLIIME
AN
Metoa wentpeasnoro pe- [[To vusmceuten-  |[To copmemen- [Mo aroma- [Tio cosMelleH-
TYJHPOBAHAY  OTNYCKa Hoft  narpyake |iof IarpyaKe TEIRHOH  [HOR LK TIO OTO-
TEIAUTD] OTOM;INNA H TO- [oTonAends B Fo- | Harpy3ke |[nHTe tilof jid-
PAMETD  ROJO- [pavero  BOJO- rpyske
cRaflceHn CHADKEHHUS HJIH
a6 OTOMHTE .
HOH Harpyske
Metog peryaupopapist [Mloggepmanue  |Pervinipopanwe | Tonaepma- |vl1000R
pacXoaa  ceTeBUH  BOJBI |ROCTORHHOCO pacxnia  no HHE 10CTO-
Ha& MOACTAHIIHH pacxona OTOMHTeaLHOH MO0
HATPVIKE pacxoia s
OTOMAEHKC
CooTnoureiue 0,2- 1.2 Dnyxcrynesia- (dnyxcTymenmas JiByXxerynenyaran
TETIORAY  HA- TAR MOCISAOBA- {Tasl NOCACIORA- CHMOLIANHAY CXUME
TPY3OK: MAKCH- T eALHAR CXeVa |redkiiafg  cXeva
MaJaeHoR rapH- : Hont cMellaHHaR
YErQ BOJOCHAN- " CXE€Xa € orpany-
HMEHKA H pac- YEHHEM MUKCH-
YETHOH QTONIe: MEbHOIO Pac-
MAKE /py - XUMLd  CURCu0R
HHR Qr -QD ELRpTIE
<0.2 MMapauneIntas
ol

HLIX CX€MaX aBTOPEry.JIHpoBania HA TelIoBOfl mojcTaHuu. Huxe npuBoasTes
PEeZYABTATH TAKOrG ConoctasicHns [24].

MocienoBaTesIbHaa Cxema npavedseres obbyro ¢ PP va mepeMpiuke, mynty-
pyomeit [ crynens nogorpesatels ropayero sonocuadkedus. B uactabin cay-
4AS X 3TA CXeMa UPHMEHAETCH 1 upH oteyrersua PP, svecTo KOTOPOro yeTanan.i-
DacTCA JpoccenbHAs waiifa. CMewannas cxeMa npHvensieres kax ¢ PP onepey
CHCTEMOR DTOIIeHMs, Tak 4 Oes PP. B nocacanes cayyac pacxod Boap! Ha CHCTE-
MY OTOILTEIHSA SDBJSIeTCST MepeMemtbiM, 3aBHCANM OT pacxoia Bojel Ka 11 Cry-
N€Hh [1010rPEBATEAA TOPSYero BOAOCHAGKCHUA, H BOSHHUKAET AOCTATOUHG CAOM-
Has 3aja4a ofecreyenis NPONopLUHOHALHON PA3PpEeryIHPOBKH ¥ #(0HCHTOB, pac-
MOJGKEHHBIX BAOJIH CVH, W PACYSTA COOTBCTCTRYIOLEr0 TEMNEPATYPHO[O rpa-
drka. PacyernLii pacxol ceTenofl BOAH B CMelnaHHo# cxeme ¢ PP nepeg cuere-
MO OTONJNEHHH 3HAYUTEIhHO TIPEBBILIACT PACYCTHLIL PACXOL B NOCIEI0RATEAbHOM

_.LxeMe, uTo TpeByeT COOTBETCTBYIOUIEID YBEJIHYEHUH AMAMErpa TCILIOBOH CETH.
A1A5 CHUKeHH PAcIeTROrD PACX04a CCTEBOH BOJAL! H NPH CMELNAHAON CXeMe Npel-
Jaraetcs nepen Teroeol noacTadimed (CTIT) yeranoruTh OrpaHHIRTENL MEKCH-
MaJLHOIO pacxoja CETeBON BOILI, a TAKMKE DeryJsATOp OTIYCKA TEIAUTH HA OTOll-
JeHHE, HOUEPKHBAKUIHA B KBAPDTANBHOH CCTH ¢ MOMOILLIO Hacoca CMeUIeHHS
ONMperneAeInLIi, 3apanee pacCUKTaniLIl TeMueparypuslit rpabuk. ConoctTanircHne
NPOBEEHO KAK LPH ipHMEHSEMBIX B HACTOALLCC BPCMA PEry sITOpAaX MOCTOAHCTEA
pacxofa, TaK H MPH PeryJaATopax OTMYCKA TEINUTEL HA OTUilieHne, 00eCnCYHBalo-
WHX MOJUIEPIKAHHE HA TCMJIOBOH NMOACTAlILHH NMepeMeiore pacxoja BOAM, 1Tpe-
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GyeMOro NpH JTaHHOW HApyXHOH TemnepaType AJf NOKPHITHS Harpysku oror-
JeHMST H TOpsidera BOAOCHAGHKEHHS .

[Mpu peryastopax PP conocrasicHue npoBEREHO I/ CXEM (puc. 10.23, a):
CMELIAHHOM ¢ TIOCTOSIHHBIM PAacXOAOM CETeBOH BOJbl HA OTOMJIEHHE (PP B 10u4-
ke 0, OTKPHITA 3aJBHJKKA 2) H C MOCTORHHBIM PacXo10M CETeBOl BOALI Ha BBOA
(PP B TOuKe @, OTKPLITA 3a[BHXKKA &), a TaKXKe nocJenoBaTesbHOi cxemnl ¢ PP
wa nepembiuke 11 crynenu noporpesatens (PP B Touke 6, OTKpHITA 3aJBH}Ka
8, HACOC CMElIeHHA OTCYTCTBYeT). [lBe moc/enHue CXeMbl COMOCTaB/EHb! TAKKE
npH npuMeneHnn BMecTo PP peryssitopoB pacXofa TEMAOTEl Ha OTOMIEHHE
(puc. 10.23, 6).

Puc. 10.23. CxeMs! rpynmnogsx Tenio- ¢
= T PP PP
BHIX MOACTAHIIRA: 1

a — ¢ peryaaropany PP pocaefosaTelbHan \
cxema (PP B Touxke §, OTKpbiTa 3aJBHK- “ evﬂ gm’?r § Vit
Ka @); cmelaunas cxema ¢ PP uepen cn- B sl

cTemolt oTonnenus (PP 8 Touke 6, OTKpEIT2 cemu <,
JuapMAKKa @); cumcwawHan cxema ¢ PP e et — 5}
epea peojaoM (PP B TOuKe @, OTKpblTa 3a- 8 mennofyn

JMHIKKA ¢); CcXema TIPHCOCAHHEHHSE CHCTEMEl cems b2,
OTONJCHES 32BHCEMaf; O — ¢ PerydaTopoM

PC: jocdenoBateabLEas cxema (PO B TOw- #a Bodonpofoda

Ke 0, OTKPHITZ 3aaBMMKa @), cMellaHuasd

cxema ¢ PO pepea cHcTeMmoll  OTONMEHHA .
(PO B TOuKe 1, OTKDPHTA 3aABHMKA 2), cxe- | perrery
My NPHCOCAHHEHHS CHCTeMLI OTONJEeHHE He- PT.
sasncuMan; /v 2— 1 u Il cTymeHH noxorpe- »;1-\.,&» PO ;
parean ropsfdero sojocHaliKesun; 3§ — noj- >
Meim{nra}um_m'{ nacoc; 4 — CHCTeME OTollje- H1 mennoBoid V;j
HHS; 5 -— CHCTCMa Tropadero  Bojgocuadmke- cemu
HHMA, & — nojorpesatenb oTonjacHun; 7, & — 2
un!ljxy.-'rmmomme HECOCH  BHYTPHKBAPTAIL- : 5
HOl COTH M CHCTUMBL ropAYdero pogochadxe- l bt
nHE; 9 -- NOANETOYHLIE HACOC KPapTaaLHOA 8 E.”:,‘;f‘ﬁym
COTH OTOMACHHA; JO — pPeryaAsToOp AdBAeHHH . o—f =

«nocie ceGar H3 505”'00_:1

$oa

[Tpu 3aBHCHMOM MPHCOEAMHEHHH CHCTEMbI OTONJIEHHS YCTaHOBKA CMECHTEIb-
HBIX HACOCOB, OﬁECﬂE‘-IHBEJIOLLlHX [IOCTOSTHHBIH pacxol BOAbL B CHCTCME OTOIIJIEHHS,
HeoSxoauMa 445 cMellaHHOH cxemul (puc. 10.23, @) npu ycraHoske PP B Touke
@ W g5 BCeX CXeM, NpeacTaBaeHHnX na puc. 10.23, a npu ycranoske PO.

Hpu HE3aBHCHMOM MPHCOEJHHCHHUH CHCTEeM OTOMNJIEHHA HAacoC CMEUIeHHA HE
TpeByercs, OJAHAKO NIPH 3TOM B CMEUIAHHOM CXeMe Nepell OTONHTE/IbHbIM TTOA0rpe-
BaTeleM AOJIKHO ObITh YCTAHOBJIEHO THAPABIHYECKOe CONPOTHBIEHUe, HeobXo-
nEMoe 115 nponycka yepes I crynens monorpesatesia rops4ero BOAOCHaOKeH st
npH NoJHOCTbi0 OTKpbiToM PT Tpebyemoro makcHMasibHOrO pacxoia cereBoit
BOJIHL.

10.8.1. CONOCTABJAEHHE CXEM NMPH YCTAHOBKE PETYJAATOPOB PACXOAA

Pacuersl TEIIOBbIX MOACTAHHHH NPOBOAMJHCH AAs KOHKperhoi ['TII ¢ Ten-
JOBHIME HATPY3KAMH, XapaKTepHBIMH AJsi pailOHa HOBOH JKHJOH 3aCTPOWKH:
pacuernas Harpyska otornenus Q, = 6,38 MBr (5,48 I'kan/u) npi fy = —26 °C;
CcpeiHAs Harpy3ka ropsiiero BofocHaGxkenns QP = 1,66 MBr (1,43 kan/u),
Pop = QP/Qo = 0.26; cyTounnifi rpaguK HArpyskH ropsivero BOAOCHAOKEHHA !
6u—Q=0; 10u—Q=QP 4u—Q =130 4uy— Q=220

TemnepaTypa BOAONPOBOAHONH BOABI: A0 MOAOrpeBATENA t, == 5 °C; nocae no-
norpesateas f, = 65°C, pacuernas Temneparypa OTanJHBaeMbIX noMeueH i
f; = 18 °C. PaccMaTpHBaJiuMCh TPH TeMIePaTypHBIX rpadrKa IOAalomel JAHHHH:
NpH pacueTHON HapyxHO#H Temmepatype fy = —26 °C t; = 150 °C, npx Temme-
patype «uanomay rpaduka £ = +2,5°C: 1) 1] = 76 °C; 2) 7{ = 80°C; 31i =
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= 76 °C npu ty — -+ 4 °C (npoacmkeHne rpapuxa € A0 NEPECEUERHH 1] =
—~ 769C). :

[lpn NPOBEAEHHH PACYCTOD PACKOLL CETCBOIT BOLW Ha 1] ctynens aojorpepa-
Teas B NOCIEI0BATeNEHOR CXeme HC OrpallHYKBaJICcs; B CMEUIaHHOH CXeMe C
mepe, BBOJOM pacxol BOJLL YEPE3 HACOC CMEIIEHNs CYHTAACA DABHLIM PACXORY
BoiBl Ha [| cTyneib MOJOTPEeBATeNA, T, €. PACXO] CMEIIAHHOH BOALL HA CHCTEMY
OTOMVICHH S OCTABAACH HCHIMENHBIM. 2 TEMIEDATYPA CC H3MEHANACH B PEIYILTATE
NOAMEIIWBARKA BOIbI MOC/E CHCTCMDI OTOMIENHS . TakuM cOpasoM, YCaoBHs pa-
6OTLl CHCTEMbl OTOMJCHHST B CMellaHHOW cxeme ¢ PP mepel BBOAOM HACHTHHYRD
yCAOBHSIM TIPH NOCTEA0BATETLHON cxeme, T. €. B 00esx cXeMaX pacXol Bujhi Ha
I1 crynenn nogorpenatTeas BAHSEr HA TCMIICPATYPy BONBI AEPEN CHCTEMOM OTGN-
aeanst. duametp iogorpesatens 300 M. 3arpssnenve noA0rpepaTes yuuThiba-
aoce kos(xprusentom B — klky, rac ky — pacyeribiif KOSQQMUACHT TelI0ME
pegaur; f B OCHOBHBIX PACYETAX NMPHHHMAAGCH PABHbDIM 0.8,

Pacuertl npoboAHaHch Ha IBM creayiownnm ofpazou. TIpH yCTaNoBKe Ha Ter-
10BOR TOnCTAHLMK PP ONpeneasncs pacxop certeBoil BOAH, 0GecrednBaloulni
{, = 18°C npu IBYX HapyKH5iX TEMNEPATypax: PacyerHoi f; H TeMIepaType
«HanoMay rpauxa Ly, OPHIHMANCs GOantinii pacXod H MPH STOM pacxoie pac-
CYHTHIBANHCD DEXKHMBL paloThl BBOJA NPH BOCEMHE HADYMHBIX TEMIEPATYpaX B
auanasose —26 “C = +10 “C 1 npu Beex yKasaHHLIX Dblllle HArpy’KaX ropsaiero
RoTOCHabKEeHH] . '

Pacyers 1pOH3BONHIHCH P PASITHYHOM CYMMaploM YHC/Ae CCKIMHA nojorpe:
patensi 2 — 2, + 21— o1 12 10 6. Ilpy xaxaom 3HAYCHHH CYMMapHOTO YHCIA
CEKIUMI 2 PACUeTHl MPOBOAH/MCH NPH NCPEPAcTpPee/eHHH untaa CeKLHH MexXLy
[ 1 i) cTynmenymu 2, m 2n B HHTepBae v z; = 0,0z o 2, & VENTE

Ha puec, 10.24 aas ojHOro H3 TeMNEpaTYPHBIX rpadmKos (17 = 76 °C npu
fe — -4 °C) npeAcTapielkl Pacxolbl Ceresni BOALI ila BBOA M Ha 11 cTynens
NoJOrPepaTeNs B TOUKE H3NOMA rpadHKa A5 BCEX TPeX DACCMATPHBABMAIX CXCM.
AHATOrMUHBIE PCAVJIDTATH HMEIOT MECTO M NPH JAPYIHX TeMIepATYpPibIX rpadu-
kax. Ha piuc. 10.24 npusesesnt OTHOCHTEIbEBE PACXO]H BOIBl, OTHECEHHLIC K
oTonHTeLHOMY pacxony (pasHomy @ - 12,6 = 5,48 - 12,5 = 68,5 M*/4).

PeaybTatel HCCAEMOBAHAA DIHAHHA YHCAA COKIHMEA TOLOTPEBATENH W HX
pacHpeleienne MexNy CTYTeHAM M NOKA3aJIH, YTO COKpALleHHe CyMMaplIOTo THT.1a
CeKLHll 10 ONpefeseHHOrO 3HaYeHHs (LM PACeMATPHBABIIHXCA YCNOBHH NPH-
MEPHO A0 BOCLMH) MAl0 CKA43KHKAETCA HA CYMMapHOM pacxoae CeTeROR BOLAI.
ORTHMAMbHLIM B OOJLIUHICTBE CAYYACE WANSCTCH OHNAKOBoe nan OAHIKOE
K HCMY YHC/O CeKLHii oGenx cryncned. das MOCJEL0BATE hHOMH CXEME! 1les1eco0fh-
nazHOo HMeTh uneao cexnuit 11 cTynenn neckoabxo 6oblie, dem I cryneny, ¢ TeM
4TO6B! NPK MAKCHMAJIBHOH HAIDY3Ke ropsdern BOAGCHAGKEHHS PACXOI CETeBsH
806l Ka 1] cTymenh He NpeBRChy DACYCTHOTO 3HAUEHMS pacxosa Ha ['THL.

ConocTapiaerue CXem 10 PacHeTHHIM PACX0I4M CETCBOH BOABI NIPH PA3THUHLIX
TeMIIepaTypHLIX rpadHKax 110K434J10, UTC B cMewmaHHoN cxeme ¢ PP nepea cue-
TEMO! OTOMIEHHH PAacXOi CETEBOIl BOJABI B TOUKE H3NOMA I'papHKa NpEBHINAET
oTOMHTELNLI pacxol Ha 25—30 % npu cpeanedt ¥ Ha 50—60 % 0pH MAKCH-
MaNLHON HATpy3KaX ropsiiero BOXOCHAGKEeHMH.

Ilpu nocnenoBaTen1bHOR H cvewannoft ¢ PP nepe) s8010M ¢XeMaX 3TOT pac-
XOL B 3ABHCHMOCTM OT TeMNEPATYPHOIO rpadHKa NPeBHIUAeT OTONHTEILHLIA la
8—15 % uan paseH emy. TTpy OZEHAKOBOM YHC.e CEKIU4il MIOAOTPeBATeNH U Of-
THMANBROM A5l KaXKION CXeMbl HX PACMPCACJACHHH MEeXy CTyleHsaMu pacXol
BOAL TIPH MOCALAOBATEILHON cXeMe Ba 2—4 % MeHhLIe, YeM MpH CMENIAHROR ¢
PP ncpep BBOAOM [MpH BCeX DACCMOTPEHIHBIX TEMIEPATYPHBIX rpapHKax.

DBOH3KHe 3HaueHHs PacXoioB CETeBOM BUAb OOYCTODNEeNnb! Tem, WO B obeux
CXEMaX HCIOMbAVETCH AKKyMYyJHPYIOUIas CROCOGHOCTh 3/laHil, MO3BO/ISIOULAH
YMEHBIINTh DECXO] TEMVIOTE HA OTOMNIeHHE B TICPHON GOMBLIRX HAT]Y3OK Tops-
gero poaccuafkenns (puc. 10.25).
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JLast onenxn BAHSHNS KONKDIMHEHTA 25rPa3Hed iy nogorpesarenei i OLLIH
conocTapaenc Tpefivemiue pacxons ceTenoll BOIL H PeNKHMLI paboThl NP 3THX
PACKOAAX TENAOBKIX NOACTAHIHA ¢ HOCISOBATEAREOR 0 cpewaiion ¢ PP nepen
DBMIOM CXEMAMH fI[.Hi suagenusx po— 0.8; 0,6, 0,4 1 TemueparypHOM rpafuke
iy = 76 Conpn 4 = - 2.5 C; eymvapuoe yneao cekuui 10, Paccn-la'rpnaamf(:b
TPH Bapra:uTa vX pacopesedenns Mexay | w11 crynenamu: 4--6; 5—0; 6—4.

[Hpererasaenine va puc. 10.26 pacxonmp ceresod oIl MPH PACCMOTDCHEBIX
BAPHAHTAX ITOKABLIBANT, YTO 474 TOCTeAOBATEILHOE CXEMbl ]1r’l{'fl-1'f'THbIH pacxon

BO, 1Bl Tf; NPERTHYECKIT He BO3RACTACT CO CHHMACHICM fi SHAYHTCIBHO BO3pacTacr

S 1

:‘f’o} ]

12

1.9

Pue, 1026, Nnuauwe wo-

: sthemtier ra 38rnA3HC-
0 AR | S - mig nojgorpepatesieil ff Ha
’ { 1pehVEMBbIA  paexol cere-
i@
L

BUA BUlbL Ha TUILILBYK)

MOCTarngo, DETa LI

Jmpocumersmee packody cemedod 820 ¥

0.6 - BOOLHAYCIHY  TO 7KE, YTO
4 Zy & zy # ir nua puc. 1024
L Lo [ I ! }
& g Ly g 7 zl[ & 5 V474

s pacxox wa II crymess Vi upu Q3. V) Bospactaer TeM 0oabiue, Hem
MElbIe CexIHi yeranosaeno na i I crynenn. [Tpu § — 0,6 V{, npubankaercs

& V.anpu p - 0,4 qpesocxoint V IIPH BCEX COUCTAHHAX 2, H 2.

Aas evemanuoi exemul ¢ PP P BEZOIOM CHUACHHE W] anBO,zLHT K YBCIHYE-
HHK) CYMMAPHOIO DACX0AA HA BBOJ V ¥ B MCHBLICH CTCICHH OTPAXAacTCA Hd Viis
Kax suaro us puc. 10,26, V nps cCMCILAKHON CXCME BO BCEX CAVYAAX NPCBLIMIACT
Vi apu nocacuopateannoi cxeme. Mexmogeine coctasagioT ToaLKO BapHanTul
¢ HegocrarornisM whHeaon cekini T eryuenu (5 v 4) s nocagposateannoff cxems
npu fi - 0.4, Takuv oSpasoM, crrHReNnne i 101s M0C1e10DaTe 1biol CXeMEl PH-
ROLAT K BO3PACTAHHIO An0ib pacXoia ka 1T etynens nipy Q’;‘ B L. A4 AJA CMEmdu-
HOH CXeMbl TPEOYEr YBeJHUEHHH PACX0Ja ROJIBI, YCTAHABJIHBACMOTO HAa BBOJ H
COXPAINEMOro NeH3MenilLIM B Tedeliie BCerc OTONHTEILHOID Ce30Ha, 4YTO [PHBO-
AHT K ZHAMUTEALIIOMY TIEPEPACX0AY TeILTOTEL.

1062 COMOCTABMEHHE CXEM NMPH PETYNATOPAX OTN¥CKA TEONOOTH HA OTOMIFHEF

B HOCHEHEE BREMH IKCHEPHIMERTAJILRRO NMPOBCRCH Pl CXCM ABTOMATHYCCHKOTD
peryiHposanms oTnycKka Telaothl Ha otonaenie B I'TIL Henoasays pazanemyso
AINAapaTypy 4 WMIYILCRI, 3TH CXCMbl NOJACDKHBAKT SdAAHHYIO BRYTDEHHIOW
TEMOEDATYPY OTANTHBAEMEIX ITOME‘LLIE'HHI':T IyTeM M3MEHEHHH ECXG]d CETEBOH BO-
aui Ka FTL] {(em. ra. 14), Quebiaino, 4T0 OpH 33JAMKLIX TeMIepaTyproM rpagi-
Ke CeTH. TENIOBbLX HAIPYIKAX 'rifk)HE'.H’I‘H, CXEME IIPJUCOEJHHERITH, Y OTAHORTCH HOM
00opYADDAHHH TEMITEPATYPA B MOMEILEHHAX OANO3HAYIO0 COPELIAETCa packojion
CETEHOM  BO/bI.

A5 conocTanaenus MOCTeqOBaTeIbHOH H CMEWAHHON ¢ OrpaHHueHHeM pac-
XOMA CXEeM B YCAOBKAX ARTOMATHYCCKOTO POTYAHPORAHHA OTIYCKA TCIAOTLI Ha
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oTomn.TeHne Obl/IH Orpele/ienb Tpefyemble Pacxoisl CeTEeBOH BO/bI, 00eCNeYHBAIO-
({He TpH BCEX TEMMepaTypax Hapy»XHOro BO34yXa pacyeTHyio BHYTPEHHIOW
remnepatypy f; - 18 °C u narpes BogonpoBojxoii Boak 10 ¢, = 60 °C npu Beex
Harpys3kax ropfauero BOAOCHAaGKeHWA. PacyeTbl NPOBOAMJHCH A MOCAEAOBA-
TEJLHOH W CMELIAHHOH CXeM NPHCOEAHHEHHs MNojorpeBaTeneH ropsyero BOLO-
cHAOKEHUA HE3aBHCHMOrO MPHCOEIHHEHHS CHCTEM OTONVIEHHA NPH TpexX Temne-
paTypHbix rpadukax co cpeskoi 1y = 70; 76; 82 “C npu £ = +2,5 °C. Bo Bcex
cayyasiX pacyerHas Harpy3ka OTOMJISHHR COCTABIA A Q. = 4.65 MBT (4 I'kaxn/y),
a CpemHas OTHOCHTENbHAsE Harpyska TropsYero  BOAOCHAGKEHHS! pep =
== Qe/Qy - 0,2 0,37 0,4, CyTtounwiii rpaguk Harpyski ropsivero Boj0oCHab-

—
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Puc., 10.27. Pacxoan ceresoit soabt #a [TII, nopaepxusaemsle PO, nan obecneycHus no-
CTOAHHOW BHYTDEHHeH TeMpepaTyphl MOMELUIEHHH B TeueHHe OTONHTEJNLHOrO Ce30Ha!

a, 9, 8 — TeMuepatypn H3aoma rpadpuka T; coorsetcTenno 70, 76, 82 °C. ocraasHue
0603na4CHARA Te e, MTo H Ha puc. 10.24

KEHHst NpUHUMA/ICH OObMHBIM ¢ QY == 2,2QP, H yYHTHIBAIACk MNOCTOSHHANA
B TeYEHHe CYTOK PelUPKYJALUHA BOAbl B CHCTEME rOpAYEro BOAOCHAGKEHHS.

Tenaonotepn B cHCTEMe PEHMPKYAfUMH npuikMamucs Qy = 0,1QF, nonycTh-
MOE OX.JaK/1eHHe BObI B cucTeMe peuupkyasunu Afy= 10 °C. CymmapHroe uncio
ceKLHil moorpesarens ropsiyero BojocHabxenust anametpom 250-300 MM co-
CTABAANO JUIH Py = 0,2; 0,3; 0,4 cootBercTBeHHO 7; 8; 9 cexuuéi npu ontu-
MATBIIOM A5 KaMJIO# CXeMbl HX paciipejeseHdH Mexay cTynenamu. OTonnTeNb-
HLI nogorpesateas umea |1 cekuuit auamerpom 300 mm. Cxema paccynTaHHBIX
I'TIT ¢ PO npexacraBaena na puc. 10.23, 6.

Ha puc. 10.27 ansi TenjoBoro myHkra ¢ pep = 0,3 npeacrabsienbl pacXo/bl
cereBoil Boabl Ha ['TI], KoTopbie TOMKHBI YCTAHABJIHBATLCS H NMOAAEPKHUBATHLCH
ABTOPEry. JsTOPOM 1151 ofecrneyeHus 3aJaHHOH TEMNEPATYphl OTAlLIHBaeMbIX MO-
MELLEHHI1 H TeMrnepaTypbi BOALI Ha ropsyeec BojocHaGxkenHe. MakcHMalbHbIH
pACXOJi HMEET MeCTO Npu TeMmepaType Ha.toma rpaduka (& = 2,5 °C). [1pu Go-
Nee BbICOKHX [, pacxoj AOMXKeH YMeHbLATLCS, TaK KaK H3OBITOYHOH CTaHOBHTCH
TeMnepaTypa CeTeBOH BOAbI, NpH Gostee HU3KHX £, H3OLITOUHLIM CTAHOBHTCA pac-
X0/l ceTeBOii BOJbLI. Yem HUXKe T{, TeM GO/blle OTHOCHTE/bHBIH PacXo] CeTeBOH
BO/bl NPH £y, TeM 60Jbilie ero U3MEHEeHHEe B TeUeHHe OTONHTEJbHOro Ce30Ha. Ha
puc. 10.27 nokasaubl TakXke pacxoisl Boabt Ha Il cryneus nogorpesarens npu
MAKCHMMaJbHOH HATPY3Ke ropsyero BOAOCHa0MeHHA.

M3 conocTaBaenna nmocaenoBaTe/lbHOR H CMeLIaHHOH CXEM B YCJIOBHAX aBTO-
MATHUYECKOTO PETYJIHPOBAHKSA OTIYCKA TENJ0Th HA OTONJI@HHE BHAHO, YTO PACXOAbI
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Pre. 10.28. CpeanecyTondnie pacxoisl  ceresod bBuaw na [TIT ang  nocneaosaTteibioi
{CIGIOUIHEIE AHHHKH) ¥ CMCWIARHOR (HYHKTHPRLC GHIHK) oxeM 0pH yeraunoske PO:

a, €, 68— THIYEHHRE § DOBMB COOTBETCTBRLHEO 0.2; 0.3; 0.4,

YeAoRHEIE QCOIHIMCHKA. « v« o 0 » » = ¢ o % 0 8 4+ 5 X w
TeMnepatvpa BOAL R TOUKE HIJTOMH FRaguices t‘; b 70 b 83

CeTeBoil DO MPH NOCTEIOBATEILHONH CXeMe B PACUeTHON TOYKE 8 (OJLIIWHCTRE
PACCMOTPEHHBIX Chyuaes Ra 2-——0 Y% MeHbLUIe, YeM NPH cMmeladHofi cxeme. JIwb
npH 11 — 70 °C pacxof npe CMINAHHOH CXEME HECKOIhKO HHIKE, YEM TIPH [10Che-
AoRaTeasHoH. B auanaszone usnoMa (f, =2.5 < 8 °C), Kak Buado 3 puc. 10.27,
PACXO0] CETEBOH BOABI, KUTOPHIH MUKEH NOUVIEPMKHBATLCA DPETYJIATOPOM OTON-
AEHUR MPH IOCNCAOBATETLION CXeMe, 3HMAUHTENbHO HHMAKE, UeM NPH CMelNaHHOR,
Mpn MAKCHMAJIbHBIX HACPY3KAX JOPHYEro BOAOCHaOMENHs pacXold BORHL Ha
11 crynenn nogorpesatens ¥y NpH MOCAeI0BaTeAbHOR CXEME 1IPEBBILACT PACXO]
BOJIBI {IPH CMEIAHHON CXeMe, OAHAKO OH He NPCBLILIAET PACYETHOrO pacxoaa ce-
TeBOH BOALI {1a DBOA NPH f;. CpennecVTOUHLIN pacxol ceTesni 806!, a Crelopa-
TEJIbKG, H TEMIEDATYPA CETEROH BOAB B 0OpaTHOH JHIKK 1A ITOM JHANASOHE NIPH
[1OCAEAOBATEILHON CXEMe RO BCeX PACCMOTPEHHbLIX (JIyYANX HEXKE, YeM NPH CMe-
wanHoil cxeme (puc. 10.28).
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Pure. 10.29. Ornocnrensiupie pacxoau 1ot Qa/Qnp (@), cpeanecyroutsle PACKOAR BOAN

v”’;v;" (6) H Temncparype OOPSTHOM CETEROA BOAHW Tz (#) A0% TCLACELIX NCACTAHLEHI

¢ PP u PO 21=5; 72;=3; pep==03; perampusie ofoavaucHus TeMneparypHEIX rpagHKos
ve e, yTo B ma pac 10.28
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Ha pue. 10.29 npuBeneno conocTap/IeHye OTHOCHTEIbHbIX cpeiHecy TOYHbIX
PACXO0B CeTeBoil BOAbI Ha BBOJ VeP/VSP W Ten.OTH Ha OTOMJEHHE Q./Qo.p

np¥ YCTAHOBKe Ha BBORAX PEry/siTOPOB PAcxoild PP uau peryasatopoB OTnyckKa
tenaotst PO. B mepsoM caydae Ver/VeP =1, a Qo/Qo.p == 1, BO BTOPOM
Qs/Quy - 1,2 V*‘P*’V;;P < I

Taxkum 06pa3om, NPEAJIOKEHHAs B 110C/1€/lliee BpEMs CMellaiHasl CXEMa € orpa-
HUYEHHEM pacxoia ceTeBOH BOALL He obaajaer KAKUMH-THO0 NpeHMylileCTBAMH
MO CPaBHEHHIO C IWKPOKO MPHMEHSEMOH B HACTOALLEE BPEMS noc.ie/loBaTe/IbHOH
CXEMOH KaK NPH MPHMEHEHHN B HACTOsILILee BPEMS TOBCEMECTHO peryJsTopax pac-
X044, TaK W pH TPHMEHEHHH B NEpCrekTHBe peryasTopoB oTaycka TeMNJ10Thl HA
OTONJIEHHE.

HeqocTaTKOM CMeliaHHOH CXeMbl ¢ OUpAHMYEHHEeM pacxojid IpH 3dBHCHMOM
NPHCOSAHHEHHH CHCTEM OTOILIEHHA ABAACTCA HeoOXOJHMOCTE YCTAHOBKH CMECH-
TeAbHOTO Hacoca H paboThl €ro B TEUEHHe BCero OTOTNTeIbHOro MCpHOAA.

I'augag oduHHadyaras

TEMJIOBBIE PEXXHUMbl OTKPBITbIX CHCTEM TENNOCHABXEHHUS

11.1. CXEMBbl TEMJOBBIX NOLACTAHIHHA NPH OTKPbBITOH CHCTEME
TENJNOCHABXEHHUSA

HauGosbillee pacnpocTpaHeHHe B OTKPHITHIX CHCTEMAX TenJoCHalKeHus no-
JAYYRJIH aGOHEHTCKHE YCTAHOBKH C 0TGOPOM BOABLI M3 Tojalomelt H oOpaTIoR JIH-
HUi M CMEIIEHHEM HX B HY»HOM COOTHOLIEHHH Ads OOecreueHys 34/JAHHOH TeM-
nepaTypbl BOAbl B CHCTEME ropauero BojgocHalbKeRusi ¢ fOMOLLbIO pery/saTopa
temneparyphi (puc. 11.1). PerynaTopbi pacxoia, KaK NpPaBH.10, HH 11epejl CHeTe-
MOil OTOMJIEHHS, HH mepea TenJoBOH MNOACTaHUHeHd He YyCTaHABJIHBAIOTCA.
[TostroMy pacxod BOAbI Ha OTONJEHHE 3aBHCHT OT rPABIHYECKOTO peXKHMa
cetn (em. §3.4). Bo wmmormx cayuasx y .
ADOHEHTOB HE YCTAHaB/JHBAKTCH DeryJsiTo- (L
pbl TeMNeparypbl M Bogopa3bop ocyuiecT-
BASETCH B 3aBHCHMOCTH OT TeMHepatypbl
BOjABl B TEMNJOBOH CETH MM UEJTHKOM M3

nonalouLeilt JHHHH (NPHY BLICOKHX HAapy’KHbIX 7% 7 Vo
Temnepatypax), HIH HeJHKOM H3 obpaTnon = =

AMHUK  (NpH  HU3KHX HapyXHBIX Temiepa-

typax). [Ipy 3TOM pacXoA BOAbI H3 CETH Ka ro- V2,72

psivee BOJOCHaOKeHHE HBMEHALTCs HE TOJIbKO —)

B 3aBHCHMOCTH OT HATPy3KH TFops4Yero BO- Puc. 1§.1. Cxema TCIJIOBOH NO/-

[OCHAGKEHHS, HO H B 3aBHCHMOCTH OT Temne-  ~TOMHINEE ”“""Cf(:g‘c;f{e”“““ RO
“ d !
PATyphl CETEBOH BOABIL. B

[Ipeanokens pasaHuHBIC MOAHpHKALHH orkpuiToil cuerembl. C Uediblo CHHACHHA pac-
X014 MOANMTOUHOM BOAW OT UCTOMHUKA TENIOCHZGKEHHA 8 TEMIOCETH CaepaAnoB3HCpro npei-
noxena [12) Tak Ha3bIBACMAA ¢OTKPHITO-3aKPBITAA CHCTCMAY, npeacTapdenHan Ha PHC. 11.2,
B sroii cxeme Ha ropsiee BOAOCHAGKEHRE NOCTYNaeT BOAONPOBCAHAS BOIA, npeABapHTEb-
HO NMOAOTpeTas B NMOBEPXHOCTHOM nojorpesarenc ceTenoit BOAOH Moce CHCTeMbl OTOTLICHHST.
Jlorpes BOAONPOBOAHOH BOABl 10 TPeGYeMOTO 3RaUeHHA f; = 60 “C npon3BoAHTCHA NOAMEUIH-
paHHEM K HCHl CeTeBOH BOAbL M3 MOAJOUEH JIHHHH CCTH.

Kax 6u10 nokasano B § 3.4, npu Bopopasbope 3 nopatolell JIKHHH CHALHO 3arpyxen-

Hoit ceti (Maabie S,) HMEeT MeCTO 3HANHTENBNOC CHHKEHHT pacnoaraeMblX HalOPOB B CETH
H pacxonoB BOJAL Ha OTOTAEHHE. [Tpu BogopasGope u3 o6paTHOH JHHHK PACcX0] BOAB Ha cH-
creMy oTonjieHns ypetwunpaercs. Jlas toro yTo6K BOZOPA3BOP BCErAa OCYWECTBANICH B3
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o6paTHoil aunuH, B Tenaocern Boarorpagsuepro B. A. ManadeeBuM npeiomeda Cxedd,
npeactasiacinas Ha puc. 11.3. Boaa wa ropsiuee aonocaaﬁ}ueuue”o*rﬁupamt:ﬂ UEJTHKOM H3
o6paTHoil JJHHHH H MPH HCOGXONMMOCTH Jorpepaercs O Tpe6yeMOH TeMnepaTypLl B NOBepPX-
HOCTHOM [0JOI'penaTeqe, BKJIIOYEHHOM Iepej CHCTeMO OTOTICHHS, AHAIOTHYHO IT erynenn
nojorpenareqast B JABYXCTYNCHYaTOH MOCAeIOBATCNbHOH CXeMe.

Mpumensiercs Takxe pogopasbop nocae snesatopa (r. KpacHospek).

B npejicTaBiaenHbiX BbILE CXeMaxX CHCTeMbl OTOM/IEHHs NPHCOeIHHEHb K Ten-
JI0BOii CeTH depe3 CMeCHTeIbHOe yCTpoficTBo. HenocpeacTseHHbH BOAOpa3top
NPHMEHSETCs M NPH He3aBHCHMOM TPHCOCAHHEHHH CHCTEM OTOMVIEHHS K Teno-

T L
ety X—r=X
= T il
Vo* BV T, ~$PT Yo
T ST
'
Mi |
Vo, 22 tyq Yoz m—n i)
V;,T; - Va’,fgj
Vr
VerZ
() V=V —_—0
73
Pue. 11.2. Cxema t1emioBoil noa- Puc. 11.3. Cxema Tennopod nojcTaH-
CTAHUHH [MPH <OTKPLITO-3AKPLITOH® uHH ¢ Bojopasbopom H3 obpaTHOH JH-
CHCTEME TelocHabxeHHa HHH H [peBK/JIOYEHHBIM lojorpesare-

JeM

BOH CeTH uepe3 polo-BoAAHEIe noporpeparenu (cm. puc. 12.4). CoraacHo mpose-
AeHHbIM HecaefoBanuam [27] B KpYNHBIX OTKPHITHIX CHCTEMAX TeMIOCHAGKenHs
NPEeNOUTHTEIbHBIM ABJIAETCA NPHCOEJHHEHHe [oTpeduTe/ e uYepes KpyIHble
[TIT, B KOTOPBIX YCTaHOBJIEHBI OTONHTE/bHBIE MOJOIPEBATEH.

11.2, PEJXXUMbI PABOTBI TENJIOBbIX MNOACTAHLUHH B YCJIOBHAX
HENMOCPEACTBEHHOTO BOILOPA3BOPA U3 TEMJIOBOW CETH

B npocreiiuiix cxeMmax TenJoBLIX NOACTAHIMII C HeNoCPeACTBeHHLIM BOJO-
pasbopom (puc. I1.1). noayuuBmX B Hacrosiuiee BpeMH OCHOBHOE pacrpo-
cTpaHere, OTHOCHTENbLHBINH pacxox Boawl ¢ = V,/V,, a caenosaTesbHO, H OT-
HOCHTE/BHBIF pacxon TenyoTh Q,/Q,., B CHCTeMe OTONJIeHHs1 H3MEHSIOTCs B 3a-

BHCHMOCTH OT OTHOCHTELHOM Harpy3KH ropsivero BojocHabkenus Q,/Q, H 10H
orbopa M3 nojamwLLei THHHH 3.

paCCMOTpHM YKa3aHHbIe 3aBHCHMOCTH.
ypaBHEHHE xapaKTepHchH OTOMUTEILHOH CHCTEMBI (85)
Qn' €y th-l 'rﬂ)- (lll)
Be'spa:me;maﬂ }-'I],(:’.‘..'IbHaFI TernJoBad HHI'[)}’I&KH OTOHHTEJBHOH CHCTEMbI {81 ”
|

F’u"'
0.5-~u At W,
I u Q: 6::‘3
l
e (11.2)
0‘5.'5_ u J ‘&’! ‘;I tin‘-‘f“ 0,2
I +-u J ﬁt(‘} ( Qo %2 (’;1“_"“
Qn,p :
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PacyeTHbIl pacxon TenaoThl Ha OTONMJIEHHE TpH Temneparype 7,

r » B
Q”‘“ = W o 01, e

fo—i}

; (11.3)
rae 81, — pacyeTHbIli nepenajn TeMneparyp B CeTH Nnpu Temneparype i,.
OTHocHTe/IbHBII PACXOA TENJIOTH Ha OTOMNJIeHHe

Qo ____'H*"fa o i
Qo.p 57.:-, Ly— 1y

£, (11.4)

Bxonsmas B (11.4) ¢, sisasiercs dyukunein Q,/Q, , H onpeiensercs H3 co-
OTHOUIeHH A

tn tlu'll(t;i' f")— Qg/Qn.p- (1 15)
Ioncrasnss anavenne ¢y u3 (11.5) B (11.4), noryuaem
Qo T — 1ty {;,_ft‘; . 116
Qo 0T b (1ot gen oty TOO ( ] )
Ha (11.2)
' 1
Peo == :

0,5-Lu 1 | Al f Qo Y% 21 ta—Pq \9:2
l-u ¢ ot, Qo ) {o —Iy

O

[Toacrasasia sro Buipaxkenue B (11.6). noavyaem

@ o ﬂ!‘;—-!;{ _ T, —Iy
Qa.n 1o —1y g o 1,54u bt Lk (Qo.p “,2( £ 17 |92 (11.7)
) i 14-u ) Q. ) rl; —sf

OTHOCHTe/IbHbIA PacXo BOABI Ha OTON/IEHHE B OTKPHITOH cHeTeme @ = V o /V.,
onpeaensercs no popmyae (3.23), KOToOpas C VYETOM TOTO, YTO OTHOCHTENLHbBIH
pacxol BOAbl Ha ropsiuee BOLOCHAGKEHHE
Ve Qe Toi—Tor _ Q ot

r
LTk T 11.8)
v;; Q;:; 'rll '_;'.! Q_r_') !["_!2 ( .

NpUHHUMAaeT BHI

e

. @r ot ®. vt mO T /(_, Q; 2 61,’,) - =
¢ 'Q;, r— IBS' —(1 —PB)S"] + ‘, (O;) (r.—rg,'ﬁs ] — B 8"

e X7 005 AF -
o (5_) (?,‘"_"?T) 1p*S" + (1 —B)* 8”1 +a . (11.9)

A"

Bxoasuuii B (11.9) f MoxeT Gbith onpegener caenyioum o6pazom.
Temneparypa Boabl noc.ste CHCTeMBI OTONACHHS

TE;T]_‘Q"EL;
W
Q. Q Qup . Q YolTofmin @ b fizh .,
W[) Qn.,p W'n Qﬂ-p Wﬂ II;--)';’ Q().P ¢ tl;‘—f;{ ] s
— - i Eoesft
B0t g _B=h Db LT Qep g (1
T—Ta Ty —Ty LI tg—1Iy Qo

ClieayeT OTMETHTE, YTO €ClH 1 << T,, caeayer MPUHKEMATh f; — T,.
8  3Zax. 1404 2925



3ajaua pacyera PexHMa Ten/IOBOK NOACTAHUHY dopMy. THpYeTCs CAelyIoUHM
o6pa3oM.

3ajpanbl: 1) OTHOCHTEAbHBIC CONPOTHBICHHS nojpawolel W oOpaTHOH JHHHH
S, 5", 2) npu pacueTHON HapyMKHOH Temieparype t, u Qr = 0: narpyska oron-
nenust Q,; nepenajn TeMnepaTyp B TeNJOBOH CETH 8t.; BHYTpPEHHSIA TeMIepatypa
t.; 3) TemMnepaTypa XOJNOAHO# BOAbI ¢y H BOLbI, MIOCTYMAIOLIEH B CHCTEMY ropsAuero
BOJOCHAGKEHHS 1;; 4) OTHOCHTE/IbHbIH pacnoJiaraeMblit Hanop B HCTOYHHKE TENJIO-
cHa(KeHHs o. _

TpeGyercs ONPENEIHT: PacXojbl BOLB H TENJ0Th B CHCTEME OTOMJICHHS, a
TaKKe BHYTPEHHIOI Temreparypy OTamJHBAEMbIX MOMELLeHHI TPH TeMnepatype
HApYKHOTO BO3JyXa fy, TeMnepartype BOAbI B nojaloLlel JHHHHM CeTH T; H Ha-
rpy3ke ropsiyero pofocHatkeHus Q.

3ajaua pelIaercsl MeTOLAOM MOC/IeA0BaTe bHbIX npuGIHKEHHH.

[lopsiioK pacueTa MOKeT GbiTh CJ/IELYIOUHM:

1) onpejensierca npejBapHTe/bHOE 3HAYEHHE p oo (11.11) npu ¢ u 0:Q5.5
paBHBIX €IHHHLE;

2) npu Haf1eHHOM [ onpeneasioTes ¢ no (11.9) 1 Qo/Qq.p 1o (11.7);

3) yrounsiercss f u CHOBa ONpELEsoTes ¢ H Qo/Qo.p; €CTH pasHHLA 3HAYE-
uiuit Qo/Qo.p B ABYX MOC/ENOBATEJNBHLIX NPHOJHKEHHAX HeBejHKa, TO pacyer
HA 3TOM 3aKaH4YHBAeTCH;

4) onpegensercs fy H3 (11.5).

Mpumep 11.1. OnpeieNHTh OTHOCHTE/IbHbIE PACXOALI BOAH, TenJoThl H BHYTPEHHIOW
TeMnepaTypy OTamIHBaeMBIX noMelieHHit NpH cpealieil Harpyske ropsauero BOJOCHAOKeHHs

Pep = Q:EPI'Q; . 0,3 npu paboTe TeMJoBOH CCTH TO OTOMHTEILHOMY TEMTepaTypHOMY rpa-
pHKY AN KIHMATHUECKHX veaoHuit JleHHHrpata:

Temnepatypa HapyHHOIU BO3-

Ayxa ty. °C ; " . .95 —20 1 —10 —8 -H5 =2 0 56
TemnepaTypa 8 nojawouied JiH- i
HHM ceTH T, °C . . . . . - 150 136 122 108 102 93 H4 T8 63 60
Temnepatypa B o0GpaTHoi an-
WWH COTR Ts, G« + o w o« o+ 10 65,6 60,5 51,5 23 S0 47 45 39 37
3anaHH: OTHOCHTEb Hble CONPOTHBACHH S IOAAI0LLEH 1 OOpaTHOR AHHM B = B (8,
Y TO COOTBETCTBYET OTHOCHTENbHOMY COMPOTHBACHHIO aGoHeHTOB S - 0,25 615 e P

— Ty = 100 — 70 — 80°C; {3 = 5°C; £ = 60°C. Hanop Ha CTaHllMK IpK HaJAHYHH Ha-
FPY3KH FOpsiYero BOAOCHAGMKEHHS coxpaunercsi HCH3IMEHHbIM (06 = 1).

Pemwen He HuKe npupelchbl noapoGHbe pacyeThl S ABYX 3nayeHuit f;: —H
u -5 °C. PacueThl Aisi BCeX OCTa/JbHBIX TEeMICPATYP CBeJleHbl B TabJauuy.
. Mpu f == —5°C (1, 93 “C):

no ¢opmyne (11.11)

| 9360 B425 s 7 528
bol=" 185

no gopmyne (11.9)

0,3 80 '
e —— ——10,23.0,4—0,77-0,4] |-
4 0 50 It
b 80 \2 T80 2
V 0,3 (—-g—) 10,23-0.4—0,?7-0,4F-0._3={ -5—5—} 10.23%.0,4+0,77%.0 4] -]
|,07;
no gopmyae (11.7)
Qo 18-4-25 9345 i
1845 2,7 8 \0,3 ¢ 18425 0.2 T
Q.p 1845 g 05, 2T 2 -7-64.5(&}-'—3) (—-li)
3.9 1.07 Qo I18-4+5 |
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Mpu stux 3navenusx @ ¥ Qu/Qu.yp
B 93 —-60 18425 1.07
T80 1845 1,02

OnpegessieM HOBOe 3HAYEHHE ) IIPH p = 0,191:

=0,191.

80
i -4},3—5;|u.191-044—-0.8{19.0.4|+

L]

80 \2 80 2 - :
l/n,3'= (—5%) 10.191.0,4-0,809.0.4*1—0, 3? (E) [0,1912-0.4 4-0.8092.0 4] 4 ] =

L%

1,086,
Hopoe 3HayeHHe -—EJ-'—'
(Pl e
43 93
Qo --1,028:
Qu.p 23 45 2,7 80 | [ Qo \°:t( 43 \*?
YT 3.2 1,086 ( Qu,p) 23 |
0.33 43 1,086
’ 0,186, -

P = 80 23 1,098

= 1,088; Qy/Qu.p = 1,028; f = 0,184. Tlocko/bKYy 3HAYEHHR

[Tpu 310M 3Havekink f ¢
GAHAKEHHAX COBNAJNH, Ha 3TOM pacdeT Qo/Qy,p 3a-

Q' Qo.p B ABYX MocaeloBaTALHBX NPH

KaHYKBACTCH.
3nauenne f, no gopmyae (11.5)

fy —5--{184.5).1.028  -.5--23,6-=18,6°C.
2. Npu 1y = +5°C (73 = 63°C):
no dopmyae (JL.11) -
63 —60 18- 25

_ o1 =-0,194 2= 0,876;
Bl 80  18—5

no tepmyae (11.9)
- —0‘3—3% {0,876-0,4— (1 —0 ,876)-0 4} +

L

; F] ; ’ i / 8{) %
1 l/[%) 0.3 [0,876-0\4--—0,124-0,4!‘3--—0.3“'-—5?) [0,8762.0,4-] 0,1242.0,4] +

-1 0.808;
no ¢opmyae (11.7)
' 43 63 -5
('Qo BT 2,7 80 } By Qg
v Y ygias -64.5 [ — (_.:L?_)
3,2 0,808 13 53
G3--60 43 0.
3 G0 4 0.808 0.89.

80 13 (1,92
MocKoabKy RaifeBHoe 3HaveHne f oTitnuaercs o7 NPeABAPUTEABHO NPHHATOrO MeHee
uem Ha 2 Y%, AaabHelimero nepecyeta 3HaveHui B on Q(,EQ..,I, HE NPOH3IBOJHM.
[fo ¢opmyne (11.5) :
fy 5 :-(18—5)-0,92 . 541217 °C.

Huxe 1puBeACHbl Pe3yAbTaThl PACHETd IIPH PSAAC BAPYKHBIX TeMiepaTyp:

Temueparypa HapyKioro BO3-
Ayxa tg, °C FoEE e ¥ w25 ~.15 =8 0 -5 -6
Hoas or6opa H3 [ojaalolel _
ammma B . . . L L L L. O 0 0,184 0,468 0,89 l
© OrHocuTenbHBI PAacXo] BOAB
L, 1o [,088 0,981 0,808 0,8

Ha otomachue ¢ . . . . . . 1,13
8*
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OTHOCHTEABbHLIT packol  TeM- , ;
A0TH Ha otongenke Qof@.. p . 1,045 1,05 1,028 0,99 (52 0.9

BHYTpeHLRA TeMnepaTypa BO-
MCILCHIH {a, s ¥ W 9,9 19,6 18,6 17.8 17,0 16,8

Kak B KO W3 MPHBEAEHHOrO MpHMEPA, OTONKTENLIILIA TeMuepaTypubIA rpa-
(UK MPH HEMOCPEICTBEHHOM pojgopastope u3 cetii He ofecneyHBaeT CTAOW.IBHOH
BHYTPEHHEH TeMIEpaTyphl. VsMeHCcHHe TeMIepaTyphi B TeueH’e OTOMHTEThHOro
cesona coetapuser 3 “C. [ToaToMy B OTKPHITLIX CHCTEMAX NPHMENeTCst CNCUHATb-
HBI TP#MK, PACCUHTAHHbIH Ha NOKPLITHE COBMECTHOR HArpys3KH OTONJERHH M
rOpAYEro BOAUCHA(KCHHA, - - TAK HARLIBACMBIH CKOPOCKTHPOBAHHKI MY TEMTIEPA-
Typusifi rpadguk (om. § 13.4).

11.3. PACYET PE)XUMOUB OTKPBITbIX CHCTEM TENJNOCHABXEHHSA
APH OTCYTCTBMH ABTOMATHKH HA TEMJIOBbIX NOACTAHLHAX

B T4KMX CHCTEMAX MpH HHSKHX HAPYXHslX TEMNEpaTypax W BLICOKHX T, BO-
AGpa3bop OCYMIECTRIACTCA UETHKOM H3 o6paTHOH «ivHEH, [IpH NOBLINEHHLIX Ha-
PYAKHBIX TEMNEPATYpax, Korja Temneparypa B OGpaTEOH JTHHHH HEIOCTATOYHA
A HYK FOpsivero BOJOCHAGKERHS, B0A0Pa300p NepeKJoYaeTCs Ha N0Jalomyo
AHEMO. [TOCKOABKY C H3MEHEHHEM TeMNepaTyphl HAPYKHOTO BOJLYXd MIMEHH-
[OTCST TEMIIepATY phl BOILL B CETH B COOTBETCTBHH C rpapuKOM LEHTPATbHOTOPery-
AUPNBAHUA TENJTOROH HATPY3KH, HIMEHHIOTCA i pacxojbl CCTEBOH BOAb, HeOOXO0-
JHMLTE A5 GOKPBITHA ONPeAe]eHHOR {IATPY3KH rOpadero popacHaGxkenns. Or-
HOCHTOJIBIIEIE PaCXulhl BOJALI HA OTOIJCHHE ¢ AasH paccmanHBaemux Cﬂy‘iﬂéﬂ
onpeaeasioTes M3 ypapHenuin (3.24) H (3.25). Bxoasuuui B 3TH QOPMYABl UTHO-
CHTEALIBIH paCcXoj| BOAWI IIa ropsyee ponocHabxkenue /i - ¥i'Vq onperenaer-
Cfl U3 BHIpAXEHHH:

npa Boaopasfope H3 NOAawned JIHHWB

(@ e . (11.12a)

i -
nan E )
QO TL _ri

npH Bogopasbope M3 OOPATHOR JIKHWH

ér1’
o (11.126)
Qo Ta—-12

'C yyeToM ITHX 3HAuEHMH /1 QOpMYy.Ibi (3.24) ¥ (3.25) nprHEMAIOT BHL
IpH BOLOPAAGOPE H3 NOJAIOLLCH JTHHEK

nﬂﬁp e

g @ S5 ) e () () -3 v
o _

Ry T —4s Ty - dy

npu pogopasfiope U3 OOPATHOH JTHIRM

6, - : e - 2
§= Q‘L_ﬂi—s” | ‘/a_... (E_) ( ot ) (3" —S5"9, (11.136)
e QI‘J Ta=—- 13 ' ’

3nauenie ¢ Mo hopmyae (10.134) Moxer GLITL ol pEAENLIo HENOCeACTBEHHO,
MOCKOABKY BCE BXOISIULHE B HErO DEIHUHHb H3BCCTREL 3HAYCHHE ¢ N0 popmy.ie
{11.136) MOXeT OwiTn OMpEleTeHO MCTOLOM MOC.1€/I0BATEAbEBIX 11 PHONHAKEHHR,
MOCKOJbKY BXOIsUee B Hee T, ABAAETCA JyHKILERI § H OUPCASIALTCH K ROPMY-
ast (11.10):

1 SO S
Tﬂ - T]_ — 9'2 o tl o Oﬁ _-E' 2 r“ L (I l" I 4)
W, Qn,;u 1y 11; _‘f;';

Junauenue Q,/Q, , onpeeaseTcs no gopmyie {11.7).
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[Mopsiaok pacuera npu Bofopasbope H3 Nojaiouiel JHHUH MOXeT ObITh NMpH-
HST CACLYIOUHM: OTpeneasioT ¢ no gopmy.e (11.13a) npu H3BeCTHOM AJ1A AdH-
HOJ HADYIKHON TemIepaTyphl {,, 3HaUEHHM Ty H 3aJaHHOH HArpy3Ke ropsyero Bo-
illolcriaﬁmeuuﬂ; satem onpeaensioT Qo/Q,.p no gopmyde (11.7) u ty mo popmyse

.5). '

IIpu BoxopasGope u3 06pPATHOH JIMHUH NPEABAPHTENLHO P HHHMAIOT Ty IO OTO"
NUTEJLHOMY TeMnepatypHoMy rpadyky I8 AaHHOH HapyXXHON TeMneparyphl
¢, nau onpegeasior 1o gopmyae (11.14) npu 3HaYEHUSX @ H Qo/Qo.p» PABHBIX
eHHILe; HAXOAT ¢ 1o dopmyae (11.136) u Qy/Q,., Mo dopmy.e (11.7); onpe-
1e]AI0T YTOUHEeHHOe 3HaueHHe T, 1o opmy.ie (11.14) TpH HalICHHBIX 3HAYEHUAX
¢ H Qo/Qo.p M cHOBa onpenensioT ¢ H Qo/Qo.p-

ITocae okowuanns pacueta Qo/Qo.p HAXOAAT fy no gopmyne (11.5).

Mpumep 11.2, PaccuntaTh pexuMel paGoTHl TEMJAOBHX NOACTAHUMH NPH OTCYTCTBHH
peryJasTopos Temne]f(a'rypu Ha TemJIOBHX NOJACTAHLUHAX Ads YcJaoBHit npumepa 11.1,

Peweunye Kak crenyer u3 pesyabTaroB pacHieTd NpH psije HAPYXKHBIX TeMIepaTyp
k npumepy 1.1, npu snavenusix #,, paBupx —25 n —15 °C, 3nauenue B==0,anpu ity =
= +6°C B = 1. IlosToMy npu THX 3HAYEHHAX [y PeIKHMLI TeNJOBBIX NoACTaKUKE Oe3 pe-
FyASTOPOB TEMNEPATYPHL 1te OYAYT OTIHYATHCSA OT PeXKHMOB TENIOBH X NOACTAHLMI C PErys-

topamu. HHuike npupeiesbl pacueTsl gas TemMmeparyp fy = —5°C; 0 +5°C, npu KoTto-
pux 0 < B < 1.
l. Temnepatypa #; = —5°C; 1, = 93 °C; 155 = 50 °C.

[Tpon3BeeM pacyeT pekHMa TeMVIOBOH NOJACTAHIHH IJIA ABYX BAPHAHTOB: Bosopasbopa
H3 O6paTHOH JIHHWH M BOJOPa3060pa M3 NOAAOLLEH JHHHH.
Bonopa36op u3 o6parnoit aunun. [lpeaBapuTesbHOe 3HAUYEHHE Ty MO GopMmye (11.14)

npu Qu/Qo.p = 1 u @ = "

og == 93—80 ——— =50,2 °C,
To2 == 93 80]8+25 0,2°C

Beanuuna @ no ¢opmyae (11.136)

80 80 \2
= ().3 ———— 00,4- —0,3{——) (0,4 —0,4%) =1,178.
=0 ,25o4+l/1 0 (45'2)( 0,4?) =1,178

OTHOCHTEJBHBIH Pacxold TeMJMOTH Ha oTOMJenHe no gopmyse (11.7)

Qop  18+5 , 2,7 80 (Qo,p 9,2 ¢ 43 )M o
' 18 125} — 64,5 —— -
' - 3.2 1,178 64,5 Qo ) (23
VTouHeHKOe 3HaYeHHE Tge N0 dopmydae (11.14)
80 18-4+5
=93—1,055 =04, 6.
L OTT178 18425

Hosoe 3mauende ¢ mo dopmyne (11.136)

80 80 \?
=Dk 10,32 ——) (0.4—0,4%) ==1,168.
§=03——F 04+ ]/ (49‘5) © ) 8

Hosoe 3suauenne Qu/Qy.p mo gopmyae (I11.7)
Q 18425 934-5
Qo.p  18+5 2,7 8 I 0.2/ 43 \0.2
: 18425 —— 64,5 —_—
T+ 33 Ties O ( 1,055) ( 23)

[ToCKONBKY 3HAYEHU S QO/QD_p B ABYX [OCHEA0BATENbHHX NPUOAHKEHUAX CAHIKH MEK -
ay coboit, ganblefilero yTOYHEHHS He NMPOH3BOAHM.
BryTpenHsis Temuepartypa no gopmyse (11.5)

tg= —5-(18+5)-1,06=19,4 °C.

Boxopas6op u3 nojawuei JuHMH. OTHOCHTEAbHBA PAcXod BOABI Ha OTOINJICHHE FO dop-
myae (11.13a) -

80 80 2
= e ,3__-"_——'01-4 ]_'" '33 TR 09 - 142 =Y, 82'
=033 +l/ . (93—5)( e Ay =00

=1,06.

229



flo gopmyne (11.7)

Qo 18125 L 0.947
18+ 7 2 7 R i
Qop  B+5 g 95 2T B —1—54.5( o ) ()
3.2 0.882 Q. 3

Buyrpesuad remuoepatypa no Qgopmyae (11.5)
fp= - 5--(1B-4-5).0,947 =16, 8“C.

2. Temmepatypa ty; == 0°C; 7, = 78 °C; 14y = 45 °C.
BopopaiGop W3 mozawomed Awwwn, 3laycune § no dopuyne (11.13a)

80 o 80 \?
=—03———04+]/ 1—0,3[—) {0,4— 0,4 =0,8%.

= —0 ?3___504,1/ na(n)(u 0,4%) =0,856
Ornowenne Q,/Qy., no dopuyae (11.7)
Qo 18--25 78

= . =0,934;
Qo.p 18 18425 - a5 M 5( Qo.p M( 18 4-25 )n.z

' 3,2 0,866 " Q ) iR

to— 18-0,934 =15 8°C.

3. Temneparypa iy = +5°C; 1, — 63°C; 15, = 39 °C.
Bopopasfop u3 nogaomed ananu, 3HaVNeBHA @

80 / 80 \°
= — ‘3_...._.n?4 _';.. | — _33 —_— ‘4___ '4‘2 —10, -
T 03— ‘ 0 (as) (© 0,4") —0,815;

Q 18-}- 25 63—3
T 1s+5 27 80 Qo 01y 430 O
L - ; 2 : —tp 1 '
18254 —— 64, : ——
20+ 3.2 0,815 T 5( W } ( 13)
tw ~5-+F(18-=5):0,917=10,8°C.
PeayanTaThl pacvueToB I[pHBeHeHsl HEM@:
Temneparypa BapyXHoro BO3-
AyXa & °C . . . . . . . . 2D —15 —5 =5 0
Jons otfopa M3  LojewleH
FUEBE B . i e s o5 & o s 0 0 o 1 1
OTHOCHTEIbHEA pacxod DOLH
HA oTondeHue ¢ . . . . . . 1,13 1,15 1,168 0,882 0,826
Othocuressiiifi pacxon  Ten- )
A0TE Ha oronaenwe Qo/Q,.p, . 1,049 [,006 1,06 0,97 0,034
Bhyrpenuag Temnepatypa no-
memerudr £, °C . . . . . . 19.9 19,6 19,4 16,8 16,8 16,8

Faaea deenadyarus

TEMAOBBIE PEXXMMbl YCTAHOBOK C HE3ABHCHMBIM
MPHCOEANHEHUEM CHCTEM OTONJIEHUS

12.1. CXEMbl YCTAHOBOK # BBIBOP UX OTTHMAJNDbHBIX NAPAMETPOB

VeTaROBKH € HC3ABHCHMBIM NPHCOEIMHERHEM cHCTeM oTonaerus {puc. [2.0—
12.4) noayyaloT B nocie/Hee BpeMs Bce Gonbliee pACTPOCTPAHENHE B KPYNHLL
rOpPOACKHX CHCTEMax TenJiocHaGKEeHH) . JTO OnpelensaeTcs NOBLIUIEHACM Tpebo
BAHHH K HALKHOCTH K KAUECTBY TENJOCHAOGKEHHS, a8 TaKKe y3eMHYHBLIHMC!
OGBEMOM CTPOMTEALCTBA 3LAHHI 1IOMBILIEHHOH 3TAXKHOCTH. [Tosnmenne mnaiex
HOCTH OMpeNensiercsi TeM, UTO TPH He3aBHCAMON cXxeme abOHENTCKHE yCTaHORKI
FHAPABJAHYECKH K3OJIHPOBAHBI OT BHEINRHX TENNOBBIX CETEH. bnarogapsa 3ToM!
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B aBaPHBHBIX CUTYyaUusAX NOBLILEHHE AaBIeHH B o0paTHOM JIHHHH CETH He nepe-
1aeTcsi Ha OTONHUTE/IbHEIC CHCTEMBL, KOTOPbIE H3 BCEX 3JIEMEHTOB CHCTEM Tena0cHab-
SKEHHS HMEIOT HAHMEHBLIVIO MEeXaHHYECKYH TNPOYHOCTD.

[ToBblLIEHHE KAYecTBa TelyiocHaGxeHUs Onpeieafaercs TeM, 4TO MpH HE3aBH-
cHMOf cxeme Haubosee MPOCTO AONOMHATH LIEHTPA/IbHOE KaueCTBEHHOE peryinpo-
BAHHE OTIYCKA TEMJIOTH MECTHLIM KOJHUCCTBEHHBIM. B Mockse, nanpuMep, npak-
THYECKH BCE HOBBIE XKHJble H OCUIeCTBeHHbIe 3JaHHA TPHCOEAHHAIOTCA K Ter-
JIOBOH CETH MO He3aRHCHMOH CXeMe.

B cueTeMax TenJOCHAGKEHHS ¢ HelocPeJCTBeHHbIM BO/0pa3bopoM HE3aBUCH:
MOe MpHCOeHeHHe OTONHTEIbHBIX CHCTEM aGOHEHTOB HMEeT elle W TO NOCTOHH-
CTBO, UTO BOJA, MOCTYIAKIAsA B CHCTEMY TIoOpsauero BOJOCHAGKeHus, He Mpoxo-

= “ = ’
Ere 3 5l 5 (I
x x
T T Ly
s PT P 24,V 19 Fos:
L Pkt Vme
71, Yn Tar Vo %‘as,"’mc'
- O >
& Tg2
1 A o
Tz z T2
O : s ol PANC
§ ﬁF,&ﬂE
Puc. 12.1. ; Pue. 12.2.

Pue. 12,1, CxeMa He32BHCHMOro NPHCOEAHHEHHS OTOMMTEAbHOH YCTAHOBKH K TenaoBof CeTH
H ocHOBHbe 0603HaYeHHs pacxoloB V u TeMmepaTtyphbl T

[ — nomorpeBaTesnh OTOIACHHA] 2 — HPKYAALHOHHBIA  HAcCOC BHYTpHKBApTazLHoil ceTH: J — CHCTEM3
oTONAEHHS: 4 — 3AEBATOD CHCTEMbI OTONJEHHF, 45— NOANHTOYHBIE HACOC BHyIpHunapTa.ﬂbHOﬂ CeTH;
PAMTC — peryAfTop LaBiedHs «nocac ceha»

Pue. 12.2. HesaBucHMOe TPHCOEIHHElHe CHCTEMBl OTONJIEHH# MDH JBYXCTYIeHYaTOA CMe-
HIaKHON cXeme ijojorpesarciell ropAauero BOAOCHAGKCHHA

=
——

b e
e <) 15 T
o - gl
Vrltf fag,VMg
PTX 3V (1-B)V Tcs;vmcé %
—- > ' + Ta1s Vo
4 Tp2
7 a2 =
- PANAC Vs,fz
Phe. 12.3. | Puc. 124.

Puc. 12.3. HeaarrcuMoe nNpHcoeldHedHe CHCTCMBI OTONJIEHHH TIpH ABYXCTYNEHUYaToOH nocae-
LOBATeALHOI cXeMe TIOJIOrPeBaTC/AcH ropsayero BOAOCHA OKeHHR

Puc. 12.4. HcoaasucuMoe NPHCOCIHHEHHE CHCTEMLI OTOIVIEHHA NPH HENOCPEACTBEHHOM BOAO-
pasGope
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AHT 9epes OTONUTe bHLIC PAAHATOPE! i He 3arps3HAETCH B HAX, Gnarojaps uemy
yAyquaercs KayecTBO BONH, Mayllefi Ha ObITOBBIC HYHGIH, B 0CO0EHHOCTH €e
LIBETHOCTD. ;

B XpyTHLIX CHCTEMAX TCMJIOCUHAGHKEHKS C HEMOCPEICTBEHHbIM roinpasztopom,
TakaxX Kag Jenatrpanckasn, Kpacnospcekas, B pafioHax HOBOH JKUNON 3aCTPOMKH
coopyxalorcs Kpynasie I'T1L ¢ #e3apHCHMEIM TIPHCOSIHITEHHEM KBATAJLHOH OTO-
ITHTEALHODH CETH. . '

3anoJyelEe H NOAMTHTKA MECTHBIX CHCTeM MNPOH3BOLATCA HA obpaTiion JH-
HHY TelJ0BOH CCTH HJH HENOCPEeACTBEHIO, HJAH IIPH HCIOCTATOUHOM HATNope B
TEMN0B0M CeTH ¢ TOMOIBIO CTIeLHAJbHbIX MOAMHTOYHBIX HACOCOB. Peryaupopatiic
CTATHYECKOTO HANOPA B MECTHBIX CHCTEMAX OCYUIECTRAACTCS pery’aTopoM oI
MHTKH, KOTOPHI NO/ACPIKHBART WM 3aJaHHBIH HANOP H0CI0 cels, HIH JAHCTEH-
HHOHHO 3a7AHHLIH YPOBEHb B DACUIKPHTEILHOM flake, YCTAHOB/IEHHOM B BepXilei
TOYKE CHCTEMbI OTOMLIeRHS . B 34pyOexnol npakTHKE, 171e HC3ABHCHMOE NP HCOG/H-
HeHHE ABNACTCS OCHOBKON CXEMOH NMPHCOIMHCHHS, KPOME PacilHpHTeeH HC-
MOAL3YIOTCS rIPOGOpL, B KOTOPAIX CIMELHATBHbIM KOMIIDECCOPOM NOLIEPHH-
BAETCA 3ajalilice LaBJaeHHC E(}GJYHIHDI':I ITOAVILUKH. HOJIOI‘]JEHHT&'IH QTONJEeHHH
yCTaHABJHBalOTCs, Kak npasuao, B I'TII. Tam ke ycTaHADJIHBAOTCH i HACOCH,
OCYIIeCTBAMIONHE HHPKYARIHIO BOLBl BO RHYTD HKBAPTAABHONW OTONHTEILHOH
CeTH. :

B mecTHRIX TCILIOBLIX NOACTAHUHAX OCHOBHBIM npenaTCTBHEM LY HE3ABHCH-
MOFO MPHCOEIHHEHHH OTOMUTRABERIX CHCTEM SIBJAI0CH OTCYTCTBHE MAacCoOBOrn
MpoH3BOJICTRE GECUYMHBIX HACOCODB.

IMpy HE3ABHCHMOM MPHCOELKHHENHH OTONHTEILHBIX CHCTEM HPEMERSAIICH HCC
PACCMOTPEHHLIE BhILIe CXeMbl TPHCOGAHHEH MY HATPYIKH rOpAlero BOJOCHADKeHH T
(pre. 12.2--12.4). '

OCHOBHBIE 1APAMETPH aBOHEHTCKOTO BBOAA C HEAABHCHMEIM NPHUOE/HHCHHEM
CHOTEME! OTOTIIEEHA, T. €. MOBEPXHOCTA TOAOTPEBATENsE OTOINEHHS B PACXOUbL
BOIE! BO BHEILHEH H BHYTPEKBADTAILIIOH CETAX, ONPCALNAIOTCS TemiepaTypami,
NPUHATEIMA NDH pacuete NMOAOrpepaTe s OTOIJEHHA.

[ToBepXHOCTh NOAOrpeBaTens CGLYET ONPEeLessTL NpH TEMNepaType Hi.IoMd
rpaduxa, KOrga KospuuHeHT Telliouepenain ApaseTcH MHHHUMANBHBIM, QAHAKO
OBLIHO MOREPXHOCTL MOAOrpesaTeaA OTOIEHHA ONpEAeNReTcH ITpH pacyeTHOH
HAPYKIIOH TeMTIeparype OTOMIeHHS. [1pw 5TOM, KaK NpaBKAC, HIBECTHbI TEMIIEpa-
TYPHI BORKI, NOCTYMAIOWIEH B NOAOIPERaTe/ib: TEMNEPaTypa ceTenofl DOJEL B IIO-
palowlef MHHMH BHeIUHCH ceTH o6bHO Ty == 150 “(. ¥ TeéMmMnepartypa BOAL BO
BHYTPHKBapTAALHON CceTH u0cie CHCTEM OTOTIEHE OBBIMHO Toe = 70 C. Tem-
nepatypa BOAbl, BHXOQIALLeHt K3 NOROrpe-
paTensi, npHiEMaercs pasiudnof. Temmnepa-

F
N7 s 1) Typa CeTeBOl BOIBI NOCIe fI0JOTHEBATeNs BO
" Yo | X BuewHedl ceTH OOBIYHO TMPHHEMACTCHA pPaBHOH
§ 3 ¢y — 80 pau 75 °C (reMnepaty PHbIH HANOP Ha
S rg «XOMomHOMY KorLe nogorpesateas 10 wiu
‘% <]
& \ % Temnepatypa BOH B HOJAIOULEH NHHKH
g ¥  BHYTPHKBAPTAJILLOH CeTH Tai npHHAMAeTcs
4 % oObudo B mpereaax ot 140 no 95 °C. Hesa-
%35 n  BHCHMO OT TPHIATOH Toi pacdernias Tewie
z § =
~ z ]
X \_' =
< i S G Buc, 125. Bauanne pacdeTHOTO nepenuaa TeMnepa-
I:? TVYP Ha XOJ0IHOM Konume nosorpesdTead 4 ero na-
BEPXHOCTL K DACXOA CRTEBUH BOAL:
0 P} pacteTHad HArPYSXa OTONSuHHA Q.;, 1 I'Raa/n (1,14 MBT);
§ 17 Jt - I-=posepxuoers Foupn Tol=140 “C: 210 We NpH Tol=

=95 °C
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TaGuayuna [2.1, BJnaHHe PAacueTHOro mnepenaja TEMMEpaTypsl HA XOJOZHOM KOHUE
OTONMTEJNBHOr0 MOAOFPEBATENs HA (LJIOUAAB €ro MOBEPXHOCTH H PACXOA ceTeBoil BOAK

PacueTHa$ TeMNepaTypa Mo BHYTpPHKBaprasbHo#t cern, °C
Pacwernan tem | Temnepatyp-
nepaTtypa cete-| i nepenan 95 140
BOf BOJABI Ha Ha XOJAQLHOM Cpeanas ;
RLIXOAE #3 NO-[ KOKUE MOROT- | nooyny ce.| pasnocTs IToBepx- | pacxog ce-| Cpeauas Tosepx-
Il,ot‘p‘eBan:.nﬂ peﬂa-re‘ng 6t TeRoi ROAH Temnepa- HOCTR [TO- TEBoﬁ 3045l pa:!-HOCTb HOCTH MOD-
Tro, © o 3 porpesare- 3 TemnepaTyp| Rorpesate-
2 C V. M3/u | Typ i\écp. - I b vl ok | hw F, at
T2 2 12,82 16 31 .4 12,82 5,0 100,0
75 b 13,32 20,85 24,2 13,32 7,21 69,3
80 0 14,3 26,5 18,9 14,3 10 50,0
85 ) 15,4 30,8 16,2 15,4 12,36 40,5

paTypa B MecTHOl cucreMe Ty = 95 wan 105°C. Ecam npuusroe sHaueHHe
1., BhIllIe, YeM Toz, NEPE] MECTHBIMH CHCTEMaMH JOJIKHbI yCTAHABJINBATHCSH CMe-
cHTeNbHBle yCTpoiictBa ¢ KO3pOHIIHEHTOM CMEeHHs

U == (T) —T03)/(Tos —To2).

BJisiHHEe PacueTHOro TeMNEepATYPHOro flepenaja Ha XO0J0JAHOM KOHLE OTO-
NHTEJLHOrO MONOTPeBaTe/si HAa ero IOBEPXHOCTb M PACcXOJl CeTeBOH BOJbI BHAHO
3 puc. 12.5 u 1abn. 12.1. Pacyers! npoBeleHbl M5 aGOHEHTCKOro BBOAA C pac-
uerroll Harpysko# ororedus @, = 1,16 MBt (1 'kan/u) npu AByX sHayeHuax
pacueTHOH TeMIepartypbl BO BHYTPHKBAPTAIbHOA CETH Tg1, PABHBIX 95 u 140 °C.
Kosdrbuinent Ten/onepenayn nojorpesareas OTONNEHHS MPHHUMAJCA PaBHBIM
2,32 kBr/(M? - K) [2000 xxan/(m? - ¥ - °C)].

KaK noKasbiBaloT TEXHHKO-3KOHOMHYECKHMEe pacyerbi, NMPH COBPEMEHHOM CO-
OTHOLUEHUH CTOUMOCTEH TENJIOBOH CETH H OTONHTEIbHAIX NoAorpeBaTenen 1ee-
cocOpasHo CTPEMHTLCSI K CHHKEHMIO PACUETHOTO fiepenaja TeMneparyp Ha «xo-
JOLHOM» KOHLE [TOAOrPEeBaTeNs, ¢ TeM YT06bl YMEHLUINTh PACXOZ CETEBOH BOJMI,
a COOTBETCTBEHHO JHAMETDP ¥ CTOHMOCTb TEllVIOBOH CeTH 3a CHET YBeJHYEHHS Mo-
BEPXHOCTH NojcrpeBare/is.

12.2. METOILUMKA PACYETA NMEPEMEHHBIX PEXXHMOB HE3ABHCHMBIX
' CUCTEM TEMNOCHAB)XEHHSA

B 3KCIUyaTAULHOHHBLIX YCJIOBHSIX IPH HM3BECTHOM OGODY/JOBAHHH TenJoBOH
NOACTAHUMH Tpelyercsi ONpeienyuTh €€ TeNJoBble HArpy3KH MpH YCAOBHAX, OT-
JAHYAKMHXCA OT PACYETHBIX, B [IEPBYI0 OUepelb NPH DPA3JHUYHBIX HAPYXKHBIX
TeMIepaTypax, MeHSIOWHXCS TeMmnepaTtypax H pacxolax CeTeBOH BOLbI, Ha-
rpy3Kax roOpsiyero BOAOCHAGXKeHHs . ITH 3a/\a4H MOIYT ObiTh PELUeHbl C IOMOMLBIO
ypaBHEHHil TEeNJIOBbIX XapaKTePHCTHK CHCTeMbl OTOMACHHS ¥ BOAO-BOAAHBIX MO-
JorpesaTeJien.

12.2.1. OTONHTEJbHbIE TENNOBBIE NOUCTAHLHHK (PHC, 12.1)
,[[J'IH OTONHUTEJNBHOTO BBOAA CNpaBC//IHBLI CaelyIoInHE COOTHOLIEHHA:
n r
QD - Wn (1 _*72) == W}M &n (T _"T'QE) =W 0 (Tul—r'uz) =&, Wc (Tol_" tn)- (12-13)
re e, U &, — 0e3pasMepHble TEI/IOBbIE JIPOH3BOAUTENBHOCTH OTONHTE/IBbHOr0
[IOAOTPEBATENst H OTOMUTENLHON CHCTEMbI, Olpene]sieMble 1o dopmyaam (8.9) u
(8.11).
[TapaMeTp OTONHTENBHOI'O MOAOIpeBaTENs
Q5
MoV Wa W

/'6 g ﬁ ¥
V0% (12.16)
A,

n=
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e 8T, u 6%, — pacueTHsle Nepenas TeMNeparyprl B OTOMHTEIRA O# ¥ RC BHELI-
Hell (mepBUYHON) ceTAX, Aflp — cpelHAs pasHOCTL TEMNEDATYp B OTONMHUTETEHOM
nogorpesarene NPH PACUETELX YCJIORUAX.
Uz (12.1a)
Tz = rni(i "’Eo) +n o ) ‘-12-2_:'

Ua (12.1) 1 {12.2)
Wﬂen (I-I—Toi} = wFG {Tm - [Tul{] _Eo) -+ t,, En]}'

Orciozia ,
Ty - ( i’ 1 .)t
1~ %o o L i}
W, eq
5 W . {]213]
Q
1--'-%( = ]
\W:]teﬂ /
WUz (12.1) u (12.3)
£y En WI: (T —i
Qo s - Wu (tnl __fﬂ) e - B}" : “2-43)
wf.\l
Enl_!_en “ _F'tl)‘-u?(;
B gactHom cayuae npu Wi = Wy, uio O6LIYTIO HMEET MEeCTO Ha NMPAKTHKC,
Qo_' to 3[]“”11(11_{;;.._ ' (1246)
tnten {1 -€0) -@-’—‘- .
o

[Ipu GeckoHeyHo GOABUICH TIOBEPXHOCTH nogorpesareas $p, — oo; & — I K
W, = W, HesaBucHMAas Cxema TPUCOeIHHERHA NepexoAnT B 3aBHCHMYIO, H
ypaBrenue (12.40) nprHHMaeT BH

Q, —=8o W, {1; —1), (12.48)
r. e. copmajaet ¢ (&.11).
OTHOCHTeN5HAS HArpy3Ka OTOILIEHM$t, OTHECEHHAS K pacdeTHOH TeIIOBOH
HATpY3Ke NpH TeMnepaType f .

Q . _Q9_ . €0 Cn L (12.5a)
Q5 Wl & v, e *

"'T_; [ (1 —&y)
b
rae 8T, = Tel — Toz -— PACHETHLIH nepenajg TeMmeparyp B OTONUTENbHOH Ce-
tu: W, — 3KBHBANEHT PACUETHOrD pacxola BOAM B OTONHTENBHOR CeTH; Yn =
== W /W4 — OTHOCHTE/IBHBI! PACXOA BOM B OTONUTEThHOH CETH.
B wacTiom cayuae npk W0 —= W, = ¢, W
Qo £o &n n—ts | {12.58)

N T
[}

QO - Wl; ‘f’u
—— en (1—¢
W Pu e o)
rae ¢og = Wo/Wn — OTHOCHTEJIbHWII PacXol cererod BOJBI HA MOLOIPEBATETH
oronaenus; W, -—— pacueThhiil pacxoi BOjbI BO pHelnHen (MEepBHUHOR) CCTH Ha
OAOIPEBATENb OTONJIEHHA. OTHOCHTENBHEI PACXOA TEMIOThl HA OTOMAEHRHE, OT-
HECeHHEH K pacyeTHOMY TNpA IIPOH3BOJILHOR HapYKHOIl TeMneparype fy,

Qo _ Qo 9 Qo h _ hT'w o En L=l (12.68)

Qop 0O Qop Q) fi—Mu fo—lu W, g
'_'; Pu Ea '1 Cn “ ""gu)

L]

b

b
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[oncrasasisa B (12.6a)
Qo

Lg = tu = (f; _tu) e
Qo.p
noJyuaem
0. T;—In .
Q-{\.D W‘;
’ y %(Fo €0+ &n (1—&g)
IE—-IH + E: = il 61"0
e €o &g
T, —1 ta—lg
- i e - (12.66)
4 " WQ (Pﬁﬁ‘ro l—an 6 8 B
» Wt &n €a o

B uactiom cayvae npH Wi = Wy = ¢oWn c yueTom TOro, 4To W./W, =
= &v./8t;, rae 6tq — pacueTHblii nepenaz TeMnepaTyp BO BHEIIHEH CeTH, ypaB-
pepue (12.6a) npuHUMaeT BUI

Q(\ . r;—’;l Enan Tl —-ta —
QD.D f;—'tH 61:;[ Qo 6-‘['(;
— — go-€n (1 —&0)
87, @
.. i (12.7a)
(P'D IST;I 1-—‘80 , fé—"fH
Po _ B —= 81,
Pn En €o
[Moncrasasia B (12.7a) npuBeAeHHOE BEINE 3HaueHue I, MosydaeM
|- T —ly " (12.76)
Qn,p BTJ 1_—8 f’ -*-'IH . .
f;__!'_!_ 9’_0.-,._.'.'_5__.._.?—,5-‘5 B
P En €o

[lo ypasuenusm (12.6) u (12.7) onpeneasercs peXHM paboThl OTOMHTEJb-
HOTO BBOJA MPH H3MEHEHHH PacXOf0B BOIBI BO puelHeil (epBUYHOMN) H KBap-
TaNbHOH (OTONHTENLHOM) CeTAX PSS L9aS 1); TemnepaTyphl BOAB BO BHELL
Hefl CeTH T,; TEMNEepaTyphl HapYXKHOro BO3AYXd L

TTo 5THM e YpPaBHEHHsIM MOTYT ObiTb ONpPEIeIEHLI Temnepatrypa T, 4 3KBH-
paseHT pacxona Boasl W, Bo BHEIHEH CeTH, obecriedyBaolUe 38 1aHHYI0O BHYTPEH-
HIOIO TeMrepaTypy /p H3 YCJIOBHA Qo/Qo.p = | (cM. HHXE, T 13).

Temneparypa B 00paTHOH JHHAH BHelHeH CeTH .

Qo _
To = Ty == =—, 12.83
R (1282)
MMoxcras/isis 3nadenne Qo u3 (12.4a), nonyyaem

1

M
Eo enﬁy— (T, —1tn)
ju

Tg :Tl o o
Wy
Eo-€n (1 —20) E’,-
o
’ n W;I'I W“
30( l ——an{x;:"-) T+ (1 —20) 3~ T1+Eo En -‘ﬁ to
— b1 0 ) \l
o : (12.9a)
(1 —go) —
Eo+8“ \ gﬂ) WO
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B uactroM cayuae npu Wi = W, uoncrabass snaveime Q, u3 (12.46), mo-
Jiyqaem

]

fo (1 —&y) Ty ¥ (1 —€a) &;L Ty c€néply
0

Tg == = - =
2ot &n {l —Ea) E;:LL |
Q
ot
cu (1 —bm) T e (1ol 12 B3, et
GG
— : (12.10a)
014 Pu
F'n‘f"‘-"u“'—“ﬁo)ﬁ_.'?—"
8t o

Dopmysbt (12.9a) u (12.10a) colepikaT HeMZBECTHYK) 3apaHee BEJIHYHIY
{y. Beaumury £, MOMHO HUKJIXUHTh, €CAH BRIPAJHTL TEMIEPaTypy B obpaTHOl
NUHAY BHCUIHCH TCILTOBOH CETH T, CJIGAVIOLIHM 0OpazoM:

oul 12—t \
Tg = Tg— Q_? g &‘_ ___an S R - — ‘i l,i . ”‘286}
w“ Q(;_p ¢|T iliv"n. Ql’l,ji "T-’Il ;B—IH
[Moacrasiss B (12.85) sHavenne Q,/Q, , wa (12.66), nosyuaem
Ta =Ty — i J.:1'1 —-fH — .‘
(2 —i) Ta, ]_Eﬁ{f(’_“v“ér” - !_&ﬁ‘
AL i W e &1, gy O1) L
_ Vo ¢o on 9% —ag 97¢
(f —1y) ";_JT{' —rlcr)(pn'-‘"?‘i“ ""?q"n_l Ty by
T, wmoen Ot &g Ot . _
s M . (12.96)

(fa==12) Pu - E‘;.(Pn‘l’nﬁic}_,_ l- aul‘-‘_fé,w
0 gn, o wn e, b1y eo 87 B

B uacrhoM cnyuae npn W& = W, = ¢ W, nogcrapaas B (12.86) QuiQo.y
na (12.76), noayuaem

. R - Ty —ly 1 = -
. s
{::‘—'f,‘,}%:n'; -+ %:“ i ‘_;O_E ET_E"I‘H
[ (4 %) %% -+ '(El o 1;_'"%' %:'%q"n""] . Ty -tn
— n | o n = . (1210ﬁ)
(£ —12) 5;"3“ + Z:_ + ]::“ 57:%

TpuBeeHHLIE BLIUIE YPABHEHHS MOryT OhiTh KHCTIOJTB3OBAKDI TAKME LI pac-
geTa TeMIOBBIX MUACTAEUMH ¢ HArPy3KOf ropsigero BOAOCHAGKCHHA, MPHCOSAH-
HEHHOU NO TAPALISLIoH i CMellaHko#H cxemay {puc. 12.2), a Takxke upu Heno-
CpencTBeHHOM Bojopastope (puc. 12.4). Lean nepei oroUUTILHEIM 10A0TPERA-
TeJeM YCTAHOBJEIl PeryasaTop pacxoid, HArpyska ropsuero BOLOCHAOKEHHS He
H3MEHSIeT PACX0/ld BOLbL HA TIOA0IPCBATEN b OTONIEH S H YCJIOBHS CTO padoTht Hi-
4CM HE OTVIHYAIOTCS OT YCa0BHE paGursl OTOTHTEALIIOTO BBOIA.

Ecau peryastop pacxoja OTCYTCTBYET, TO IPH BCEX YKA3aHEBIX BLILLE CHCTE:
MaX ropAYyero BOMOCHAGKeHHs PACKO] BOAR Ha TOpstiee BOIOCHAMKEHHE LIPHBO-
JAMT K HAMEHEHHIO pacXofa BOJLl, B CETH DACIIOJAraeMora Hanopa Ha abonelr-
CKOM BBOJE M PACXONA BOIH HA OTONMTEILHEN NOLOrpeBaTeas. B npuBeseHHhx
BHILIC YPaBHEHHAX 3TO BLIPAIKACTCS B M3MEHEHHW BEIWYWHBI Qp. JHauelHe @y
MOXKeT ObiTh HAHIABHO H3 IEAPABJIHYECKOro pacdeTa CeTH.
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Mpumep 12.1.

PaccunTaTh PeKuM paboTH OTOMHTENLHOM TenJIOBOH NMOACTAHUHY (BRYTPEHHIOK TeMme-
paTYpy OTAN/HBAEMBIX NMOMELIEHH fy ¥ TeMnepatypy o6paTHOH ceTeBoil BOJb Ty) NPH 0TO-
MUTeNbHOM TeMnepaTypHoM rpaduke, OromurenbHas CHCTeMa NPHCOeAMHEHA K TenA0BOH
CceTH NO He3aBHCHMOH cXeMe.

Hexonuele faHHBIC: [) TeMNepaTypsl B nojaioiief JHHHH CETH:

T S T —26 —10 +2,5 -+10
T o w o meowowm o ow w o 160 105 70 70

2) PacuerHbie nepenajbl TeMnepatyp: BO prewneit cetu T = 150 °C; 7, = 80°C;
bv, =70 °C; po BHyTPHKBapTadbHoi cetu Ty, = 140 °Ci iy =70 °C; 6t = 70 C, u=

= (140 — 95)/(85—70) = 1,8 u 75 = 95 °C; 15, = 70 °C; 6t, = 26°C; u = 0.
3) Pacuernai Harpy3ka OTOMJIEHHS Q, = 1,16 MBt (I I'kaa/u).
Pewenue. L. OnpenensieM napaMeTpbl CHCTEMbl OTOMVIEHHS H OTONHTENBHOTO JIOAO -

rpesateas:
1,16-10%

645 = 18 kB1/K [15,5 Mkax/(u-°C})].

Py == Qé/ﬁu‘ép =

Bapuant a. [lapaMeTp OTOMMTE/NBHOrO MOIOTpeBaTesst Mo dopmyae (12.16)
V70-70
D, = —— =
1 10
BeapasMepuasi yaeqbHaA TeNI0Bask Harpy3KaIloorpeBsaTess npy v, = by, Wy = W
no ¢opmyae (8.9)

7.

l 1
= — =0,875.

1
l-!-E' l-}-—?—

En=

(a1 Bespasmepuas yrenbHas Telaosas Harpyska OTOMHTEAbHONH CHCTeMBl N0 (popmyae
11.2)
— 1 -
VT CE ( Qo.p )0-2( 14\
I

Qo.p n,n( 44 )o‘s
0.82+0,92(~—~—-—QQ ) =

Ilpu yKasaHHbIX Bbille 3HAYEHHSX fy, NPHHHAMAS B NEPBOM npuOMHKEeHHH SHAUCHHE
Qo/Qo.p = 1, monmyuaem clepylomue 3HAYCHHA €o!

Figs B & s s s s = ome woamomon e —26 —10 +2,5 +10
Bo . - + o+ o T T 0,675 0,55 0,512 0,472
OTHOCHTeABHE pacXoj TeNnJOTH Ha OTONJAeHHe NO Qopmy.ae (12.76)
Qo T —'n 44  m—ly 1
- 70 — it ¢ 1Bt 1—gy
Qo.p 44+ + 1—ego 70 18—ty % 9 821,59 _i—E&o
0,875 £p Eo

Temnepatypa o6patHoIll ceTeBoil BOJB Tp ONpeaeaseTcs no popmyae (12.106), xoTopast
A5l 3aJaHHBIX YCJAOBHI NPHHHMAaeT BHA g

44 l l_EO I—BD
o [70 085 T e ”l]“““ (0‘77"' e )“H“
2_- — "
44 1 1—_80 1'—'!0
1,77
70 + 0,875 + €o ity €o
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Moy yKa3aRHHX BBILIE 3H4YCHHAX f; H COOTRETCTBYOUMX BHAYCHASX Ty H £ NONYTIEM
pu Y 3 1 ) ¥
caegyiowse peawinis Qo/Qap, fa K Ty

rﬂqc 2 10 +25 +10
GutQao L . : 0,995 1, 17
M T R S | i7.9 180 236
M e wme GH3 EBEE ~ 80 60,5 AS 19

Baprant 6. Cpefusin pasiiocTh TeMMeparyp B OTOIHTEABHOM Tojorpemarele

150 — 95) — (80— 7
Kt ek ) —(80—=70) 95 45,
¥ T
,3 g 10

Tlapamerp nogorpenbaTedis
704
A

P, =
" 26,4
DBespusmeplian yAeNhHAR TEMJACBAH UAIPYIKA NOAATPERATENH 11O popmyae (8.9) ¢ yue-
ToM T1OTO, uTO Wy Wg = dty/0t) — me = 0,337,
: 1 .
By == == (. 865.

; I s
0,35-0,357 -+ 0,65 - == V0,367

Bespasmenyas YieIbHHN 1CMAGDAS MPOHIBOAHTEALIDCTE orONUTENBHON CHCTCML A0
dopmyne (11.2)

) i

e =

0= : wa ] i AF.A YA
0,040 n 54,5 ( ch,p) ) (__.:: H 0,525 (QD.E] ( Ii H
+o T2 o, = Q0 -

(O | |
[lpw paccMarpuBaCMEIX fy, IPHHUMAA B MEPBOM LPHOTHAKCHAR Qn/Qn.p = 1, nomyuaem
caenymilHe Eg!

£ e . 28 —10 +2,5 110
B o e U | 07 0,303 0,274 0,246

OTHOCHTEALEMA PLCXOL TMIOThi Ha oTouacuue no qopmyte (12.76)

Qo . T,""!H 44 .
Qs 70 1 -ep ,. 1B—ty
' 44 .. 25
I 0,865 + Ea
_— Tg'_t]-[ i
T8 ; 1—g
oy s4a0.67 °
Ea

Temmepatypa o6GpaTnoil ceTeroR Buab N0 dopmyae (12.106)

44 1 | —eg 25 _
adu -l — 1|t |
" ?0 0 .ﬁba ta ?0 o
A 44 . 1—e, 25 -

70 e 0,85 ' e, 10

{ 1 —&y
LO.TB5+{J135? ,__;.._..) 1y |-t

2]

1l—2,

1,787 --0,367

2o
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Tpu yxasaHHBIX BhIlIe SHAYEHHAX Iy H COOTBETCTBYIOLUMX 3HAaYeHHHAX T; H By Moay4a-
em caelyiomue 3HaveHHa Qu/Qo.p, fy # Ta!

by TG a4 v o ow o . ¥ 7y —26 —10 +2,5 +10

OolBaii « »wed SRS S@E 355 % 3 1 0.987 1 1,62

Fo O0 iy vess A v s ey 18 17.6 18 23

Ty, P0 oo o womeowoomeos » om0y 8 SR 80 61 45,3 . 492
Mpumeuanve. B npamepe 1I.1 B AnanasoHe HapyXHBIX TEMIEparyp gy = —26 -

~ +2,5°C c nopbllieHKeM [y 3HAUYeHHS Qo/Qo.p COXP2HSIOTCA DABHBIMM elHHHUE W i He
CHHKAETCE. OTO ABJASIETCS CAEACTBMEM TOTO, YTO B MPHMepe He YUHTHIBAETCA CHUIKEHHE KO-
shduLUMeHTa TENJIOOTAAYH NOJorpesate/ia B pe3yrbTare CHHIKCHH Sl TEMIIEpaTyp CeTeBod BO-
Abl ¥ Tapamerp mojorpesatens @, NPRHHMAETCA NMOCTORHHLIM NpH BLEX 3HAYEHHAX Ty H
To,. DoJiee TouHble pe3y/abIaThl MOTYT 6EiTh TOJYMEeHH, eCJdH YuecTh 3aBHCHMOCTh Py oT
cpeHHX TEMNepaTyp rpewollel HarpesaeMoil cpei, Hanpumep, no ¢opmy.Je (8.29).

(2.2.2, TENJOBBIE NOACTAHUHH C JNBYXCTYHREH'MATON NOCJEAOBATEJILHOR CXEMOH
BKJYEHHS NOAOrPEBATEJIERA TOPAMETO BOOOCHABXEHHA (PHC. 12.3)

[TpusenexHbie Bhilile GopmyJbl ITa pacuera OTONHUTENBIOH TeNna0BOH MOA-
CTAHIWM CTIPABEAJMBBL W /s TOAOTPeBaTe]s OTOINIEHHS NpH JABYXCTYyNEHYaTOH
NoCAeN0BaTeNbHON cXeMe ropsuero BoJoCHA0KEHHA, eCH B HHX BMECTO TEMIIE-
paTyp BOABI BO BHELIHEH CETH T; H Ty MOACTABHTEL TEMIEPATYDH 3TOI BOABI Mepen
OTOTHTENLHBIM NOJOTPEBaTe/ieM Ty, H MOCHE HET0 Tgy (oM. ofo3HayeHus Ha
puc. 12.3). Temnepatypa T, << Ty B pesy/ibTare paGotut 11 crynenn nogorpesa-
Tenist TOPSIUEro BOJOCHaGKeHUs ¢ Ter10BOM HATPY3KOH Qn; Temmepatypa Ty <<
< Ty, B peayabrare paGoTh I cTyneHu MOXOTpeBaTe/d ropsiero BOJOCHAOXKEeHHA
¢ Harpy3Koit Q.

YpaBuenue xapakTepHCTHKH | CTyneH) NOAOTPEBATEst TOPAUEro BoAOCHa0-
JKEHHUS :

Qi=2¢; W' (tpa—1), (12.11a)

1 u
rae W, — MeHbIlee W3 3HaYeHHH S3KBHBaJEHTOB pacXOAOB W, v Wy B
I eTynexHu mozorpeparess.
MMoxcrasass B (12.11) sHauenue 7, u3 (12.9a), noaygaem

W wi
I o (T —1t) +&n (1 —&u) — (Tmi— 1) —&o oy (Tms —1ta)
Q=& Wy - - ! . (12.12a)
w’

M
eo-+8n (1 —80) =
L

B uactioMm ciayuae npu Wi = W, noactaBasisi 3HaUEHHE Ty, U3 (12.10a) u
(12.11), noayuaem

14
&o (Tgy —13) 1&g (1 —¢0) &?_n (T —13) —€0 g (Ty1 —¥8)
0

Q=& Wh -
+egn(l—e )&
Eo—+E&n ) W,
To Pn
&0 (Tpy —1g) +&p (1 —€0) 3;" ?‘T‘ (Tn1 —12) —€0 B (T ~—Ln)
o
—_— “ . (12 13a)
Je, (l —e )EE_AEE.{L
Egp n o] 15T;: Po
TemmepaTypa ceTeBoi BOJbI Tepei OTOMHTEIbHBIM MOLOTPEBATE/IEM
Q:] Qr'—'Qi Qe Q[
Ty == Ty —— = =2 Py e e =Ty — = =, 12.14a
=T 1 W 1 v ( )
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Moncrasaza B (12.14a) Q; w3 (12.12a), nomyuaem

1 1 h
Qp . W"]l Ql" Wu WE
Bo|Tyi— | Ten {1 —eo) = (T — L€l ta—ty | —

xr By
T m 0 W{'} W’?“ W’n EWH g
al =
S NN Y
PR R T W, "Wy
W ¥ .
—&yeg (1—80) = ol
— nrEno (12.15a)
Wy W3
— & &y {1 —Fg) W W—
o mn

. B wactHom cayuae npw Wy = W,, noacrapnsan B (12.142) agauenve Q, w3
(12.13a), nonyuaem
I

r t w“ll | w
&g (Tl#%)""% {1 —&q) (tl' & ) +'31&U —= (8 lp—1lc) —

_ it Vo ] “_7; Wa
T = = I —
: n W
go+eg{] --Eu]'w,—o ‘_BI&JE;;(I_E“}—
W
“Fxﬁ.uw—.(lw—so) iy
— . p— (12.16a)
gy g, (l—e )E}-’
| €n o -

B dopmynax (12.12)—(12.16) conep:kuTess 3apanee HEH3BECTHAS BeJHYHHA
i.. Ee MOKHO HermounTh, ecan B {12.11a) mogcraputh sHavenue T,, H3 (12.96}.
[TpeiBApHTEIBHO BHIPASHM ()] B OTIOCHTEIBHEIX €IHHHLAX:

Q e WL (g —t
2 gt (12.116)
Qs W 6t
W’ ar’ | — &t”
P 0 PaPntloe g0 "%
fo—1t .- Te Ve 1 .
£y W’i [( ° w) b, | W: e 5":1.'|+ €o 6‘E;I{Pu :I"ul“f* H
p]z“?.lﬁ ¥ 5 ' : _x.z
1l tn < . (P_n o q’c (Pﬂ SID 1'“”30 ISTD
(tn'_t1i)'_,"l'_‘ ~ L. 2 ¢y
‘ &tg WD & 8t e, 61 ‘
(12.126)

B wacrnom caydae npa Wy = W, = ¢aWn, nogeranasas B (12.126) sbipaxenue
Tag U3 {12.106), noayyaem

: P E— "
1 (t;'_iz;) E: |- Lo |- Lt - t, Gu—1 [ T+ u
e, Wy gt gy go O1g
p[— W’G - 6 N — -_tz = (12-136}
nY%q g ®n_, %o 4 l—ggo 974
(fs —4) T gt Fn

en €o i

Bripaxenne (12.14a) ¢ yderom TOro, uYTo

Ql‘ . Q'. QI‘ 6'1’-12 = PGTT’I

Wy Gu W, ou Qg u $n
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@, P10ty

H AHAJOTHYHO W-* = ¢ MOXeT ObITH 3aNHCAHO B C.-'IG‘}I_\’IO!U.GM BHUHIe:
" uw '
W1/ p, bt
RS i, B I0. i O (12.146)
Tu Fu
[Moacrapasas B (12.146) Berpaxenue p, M3 (12.126), noayuaem
- o _ ,
T“l T‘-——- prtT _% E! WM.’ (C["""]}‘T"l -}-f" .I?. )
VBT %n Wn (’I
rae
; oo @ Wl e %, g, 'OF;
Cl. o= 1) ‘Pu‘ L. o Yo Ly ? 4 Eq 0 ¢, (12173)
GTn W: En ﬁTtn £o BTII
Orcrona
pbi. e W) 14,
e | ( _12]
Fn i WA G
T : . (12.156)
i _8.!_. ﬁ ( | _l,.. )
iy Wl‘: C'l ;
B yacthom cayuae npu Wy W, - ¢, Wq. noactaBass B (12.146) p, w3
(12.136), noayuaem
pl?”n & W,L ( 'I'l-l )
T — o —— e [,
! Py tpu W n Cy J:‘
Tm = : ’ “2166)
g, Wy ( 1 )
o 2 o —
P W‘H Cy
rae
a * q 1" qn"l ! i l'-‘.'\"I ﬁTt’)
Cg E,R - "£||) " o i ik q'". [12.]76,
ot £y ga OF)
3ajgaya pacuera PeKHMA TEM.IOBOH NOACTAHUHH HOPMY THPYETCA CAELVIONLHA
ofpa3om.
3azaubl:

[. [Tpy pacuyeTHOH HapyxHOW Temneparype thn @ = O

a) narpyska oronienusa Qc:

6) mepenaj TEMMEPATyp BO BHEIHEN TerJoBOH CeTH 8ty = T — Tab

B) nepenaj TemrepaTyp B OTOMHTENLHOH CeTH 8Ty = Toy — T2}

r) BHYTPEHHsis Temmepatypa . '

2. TemnepaTypbl XO.T0JHON BOIbI I, K BObL. NOCTY NaoULER B CHCTEMY ropsve-
ro BOAOCHabXKeHus, . :

3. Kos(pHuuHeHT cmewenHsi B CHCTeMaX OTONIEHNS U.

4. INapametp nepsofi cTynenu nojorpesarets @,.

INpeanoaaraercs, yto noBepxHocTh (napamerp) 11 crynemu A0CTAaTOUHA 13
nojorpea BOAONPOBOAHON BOABI 10 TeMOepartyph I OpH QF u ¥R,

5. OTHOCHTEbHBIE PACXOibl CETEBOH BOAbI BO BHELIHEH CeTH ¢y I B OTOMH-
TeAbHOIN CETH o NPH TPOH3BOJILHBIX HAPYIKHbIX TEMNepaTypax I, W HarpysKkax
ropayero BopocHatkeHHsa Qr.

Tpebyercsi onpeieintb NPH TeMIepaType HapyKHOro BO3NYXa fy, TeMmmne-
paType BOAbI B MOJAIOUIEH JHHHH CeTH T H OTHOCHTEILHON HArpV3Ke rOpsyero
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BOAOCHAOMKEHHS ) UTHOCHTELHLIE PACXGL TEILIOTH Hd  OTOILTEHHE Q{..-“'Q“_p.
BHYTPEHHIOIO TEMNEPATYPY OTAILIMBACMEIX TOMEUEHHH [y, TewnepaTypy B o6-
PATHON ANHHY KHEIHEH COTH T,

[Mopagok pacuera:

1 ()”pe‘q'e_rmeu-ﬂ NapaMeTp  OTONHTEIHLHONO NOAGTPEBATETH 1O hopwy.ae
(12.16).

2. Onpee aercd MeHLINIR W3 9KBHRAIEHTOR PACXOI0B BObl B HOAGIPERATE
g nomaenus. W, '1-;.;-% n W ‘I'.J%'

3. (}upene:me'rs;n MEHBLINHE 113 3KBHBUIUTOR pacXxois BOb B | Crynens no-
AOTPEBATE.H TOPAYErO BOACCHADKEHUH! v, Q. fy o W ap, Q0
' P

4. Oupeacasiores GespasMepHhle YitibHble TelVIOBBIE HAIPYIKH CHCTEMbI
UTONIGHHA #,, 110 opmy.ac (8.11) wau (11.2), nodorpepatests: OTOIIEHUS £, NO
gopmy.e (8.9); | etynenn nogorpesatens ropavero BOAOCHAOMEHHA ¢, no dop-
myae (8.9).

5. OnpeaenseTcs TeMNEpaTypa CCTEBOH BOLLI ITEPEL I00TpeBaTe.1eM OTONE-
Hist T4, NO popmyaam (12.15) wan (12.16); npeaBapHTeAILHO ONPELIHETCH BEAH-
yuna ¢ no opmy.e (12.17)

6. OnpeseTsercs OTHOCHTEMbHBIN pacXol TENTOTE HA OTOIACHHE Q.."'Qn.p-
no popmyaav (12.66) uwau (12.76), B KOTOPBIX BMeCTO ) NOACTABAAETCS BEAHUH-
Ha Ty H YTOUHACTCA £,

7. 1laxonutes p, w3 opmyau (12.146):

e p -T-i—S_T—}TiL-tr... (12.178)

I
8. HaxoauTos Temueparypa ceTeBoi BOAbL NOte OTONHTEILHOrO NOA0rpesd-
TeAR Ty, 10 dopMy.Te (12.86), B Kuropylo BMECTO T) MOACTABIHETCH T,
9. Haxoaurcsa TeMHepaTypa ceresoll BOSK NGRAaC | CTVIIRNH MOAOTPeBATEIH
Ty 10 Qopvyae :
# h'l’l'l

]
Ty Tuz — Tz . (12.18)
W L2l
10. HaxoauTess BHYTpeHHAA TeMIePAaTYpa
Qf: i
fn “u"" O_“"r:"{fn =fy).

1. [lpoBepsiercs TeNI0BOR HANAHC TENI0BOR NOACTAHUNRY 1O dopmyae

Qi Ty W

Qow fu 1 hr]'l

(T: T-Ig,]. i'?lgi

Nipumep 12.2. Nans TenaGBas HOACTHHLHEA ¢ pacueTHOH HAIPY3KOH OTOTeHUH (J'I"I

1,16 MBT () Tgaaw) upw £, —26°C x cpeanci OTHOCHTEALHON HArPY3KOH 1opasero
ROACHAGKeHEA frypy 0.3, CHCTEmMs vronaenns BRAOICHE N0 HE3EBHUHMOA CXEME, CHETCMA
POPANCTO DOZOCHANKEHHA — 1O nyxc‘l-ynewmmﬂ NOCIEIOBATCALNON  CXeME.

PacueThble TeMTMEPATYPBl BOAb: BO DHETIISH CeTH — OTOUHTCALHEIH TEMUEepaTypHolk
cpapux T, - 150 °C; 1o = 80 °C; b, 150 —80 = 70 "C: By BHYTPHKBAPTAALHOH CETH
v, - 95 °Ciryy - T0ChE, - 25 Gy kosprinent omemesra o 0 O TemnepatypH ko
bl B CHCTEME FOPAYCIV BuaoCKabKenwa by = 5 “Ci ;= 60 °C. Tlapamerp § crynern 110,40
rpepaTean ropruero pogockabienna @, o 1,24 {eMm. npuMep 10.1).

O1HocHTeABHDIE PACXOALL COTEBON BUAL DO BHEILHER Gy, H BHYTPHKpapTaD RRO#H @ CE-
TAX paBnb exmHuile, NpeleanTs pemnd paboTH TENAOBOH 10ACTAKIKA OPW b = 2,5

(17 - 70°C) u crpocHteaLnofl HaTRYSKe TOPHYCTy BOAOCHAGKEHUS b, =5 0,3.
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PeuwenHe.

. Onpeaeasiem napaMeTp OTONHTEIBIOTO NOAOIpenaTeas.

MockOAbKY pacseTHble yCioBHA A7 onpeaeneNys napaMmerpa oTONHTeAbHOrO nojorpe-
paTea S COBMAAAIOT ¢ YCIOBHAMK MPRMEPA 12,1 (Baprant «6»), npUHUMEEM TaKOe JKe 3Haue-
mue @, - 1,58

9. QOupeseaneM MEHbWHH U3 SKBHBANEHTUB pacxoia BOAb B OTONKTEJBHOM NOJ0TPERA-
TEAE D

T AN LA ' ’ 25 ]
W W ot 167} Ty 0.357.

Menbiiuy SBASCTCR IKBHBAJEHT pacXxold BOJIb BO BHEUIHEH CeTh.
3. Onpeaeaney MeHbLIHE K3 3KBHBANEHTOB PACXOAa BOIb B ] cTyiteHu HOAOTpeBaTEdH
ropAayero ponocHaOmenus 1pu

W, o Oy 0.3 70
W, Pu Ll 1 60— 5

0.38.

MeHbitiuM SIBAAETCH 9KBHBAJEHT Pacxoad BOAC! POBOAHOH BOABL.
4. Veaopus aas onpeleneHus 6e3pasMepHbIX yiAeAbHHX TEMIOBHX Harpyaok OTONH-
TeABHON CHCTEMb £, H nojorpesarte] s OTOMJIEHHA £, COOTBETCTBYIOT BapHanTy «6» npumepa

12008, = 0,274y~ 0.865. Jdua noporpeparens [ cryneHn ropsauero pojocHaGKCHHA TIO
popmyae (8.9)

|
£ . 0,782,

0.35.0.38 0,65+ V038

1,24

‘ 5. Onpejeanem reMuepaTypy coTeBOi BOAL Nepeil MoAorpeBatTe/eM oTomaenus no pop-
myie (12.160).
TpeaBapuTeabiO HAXOIAM Oy no dopmyae (12.176):

, . B | 1 —0,274 25
Cy (18-: 20) - e = 2,728,
70 ().865 0.274 70
5 0.3-70 0.782 38( 25 o
| 1 2.728 J
T : . =59 °C.
- 0.782 , 381 S
5 ( 5,728 |

6. Onpejesinem OTHOCHTOABHBI PACX0A TEILIOTbL HA OTONIEHHE no ¢opmyae (12.76),
W KOTOPYI BMCCTO Ty NOACTABASIEM Ty

; 59..-2.0 1826
& BB =08
Qu.p 8 % .t}. | 1 —0.274 g I-~2:5
0.865 0,274
MockonbRy (Qu. g Qo2 - (1 0,84)"7 == 1,03, yTouHeHnna 3HAUCHHA ¢, OllpeaefeHHoH

i lepBoM NprOaHXeHHU Mo GopMyIe (11.2) npu Q,.p/Q» 1, HE NMPOU3BOIHM.

7. HaXoauM OTHOCHTEAbLHYIO HArpy3Ky I eTynmens nojorpesaresis Ao dopmyJe (12.148)
70 —59

70

8 Haxoaum TemnepaTypy ceTeBofl BOAb docae OTONHTEARHOTO 1007 peBaTeas Mo dop -
myae (12.86), B KOTOpyio BMECTO T, NOACTABJAREM Tpy!

T, 590,84 70 1828 4595
nz VTR 184426 e

- 0.3-- 0.143.

9. HaxoauM TemnepaTypy ceteBoli Bolkl nocie | cTynens nogorpesareds Io gopmyae
{12.18):

0.,143-70

28.2 °C.,
!

12 35,2

1Q0. Buyrpennss TeMncpatypa
lr]] 2..5 i 0,34{'8—2.5] I.-'..s GC.
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I1. Tlposeprem Tenaosoll GalaHc TenAcBofl noicTanuwd no GopMyae {12.19):

nss-t-—]-ﬂ"—z"rl 03--' 70—-28.2
B4+ 2% il s

0,596 = 0, 597.

12.3. PACYET 3AKPBITBIX HEZABHCHMBIX CHCTEM TEMJIOCHABXKEHUA
HA 3BM

B cBs3u ¢ Goasliol TPYAOEMKOCTBIO DYHHOIO pacuera CHCTeM Tenvocnabxe-
HHAMN ¢ HeJaBHCHMBLIM HI)MCOEJI,HHCHH&M OTCIIVIEHHH. oCOOEHHO HpH ,‘lBy}:CT‘}fHEH"-IH-
TOl noCAe0BATEILHON cXeme, Gpliad pazpaGoTaibl aJIropHT™ H MporpamMMa pac-
yeTa Ha IBM TennoBe X MOACTAHUKHA ¢ HE33BHCHMbIM [IPHCOBIMHEHHEM CHCTCMBI
OTOIEHHH M OO0, B TOM UHCHIE [(BY XCTYNEHYATOH NOCHeNOBATeTbHOH CXEeMON
BKJIOYEHEA Mogorperateselt ropsuero BojocHabwewus (puc. 12.3).

PaspaGotaiias NporpaMva H03BOJACT PeliaTh T e 3a4aUi, UTO B Uporpav-
Ma pacuera aGOHEHTCKHX BBOZOD C zapucHmoi cxevod (§ 10.3).

B peayapTaTe pacueta ONpEIENsiOTCA PacXOibl BOAbI K TEMUEpaTyphl BO
peex TOuKax cXembl, KoyDOHUUKEHTH TelLionepefads Beex nojorpesaredefi, Hx
TENAORBIC HATPVIKH. HATPY3Ka OTONAEHHS Qo (PABHAA HATPY3Ke OTOIHTENLHO-
ro Mogorpegatean Q,.); MOTepH HAmopa CeTeBOW K BOLOMPOBOAHOR BOIbI NpHK
MAKCHMAJBHON HATpyake I'OPAYCrO BOJOCHABKEHHN, MAKCHMAIHHO BO3MOMKHLIN
pacxox ceresoit Boaul na 11 ctynesn nojorpesartens.

[TockoabKY AAS HeiaBACHMON CXeMbl AMaMerp COonJa 3/eBaTopa HE OKaldbl-
BACT WIMSHHA HA THAPABIHIECKHA POKHM TETIOBOR NOACTAHIHH. B PACCMATPH-
paeMoil 1IporpaMme DacyeTa JAMAMETP CONMd HE ONPeA.AAETCH.

AnropuT™ K fpOrpaMMa PAcYeTa HEe3aBHCHMBIX CHCTEM COCTARJIEHBl HA baze
NPOrpaMMBl ANH 3ABHCHMLIX CHCTeM. B nporpamme pactera He3aBHCHMOM X~
MBI NMPEIYCMOTPEHO. 4TO BOAA. HHPKYJIEDYIOLLAA BO BHYTPHKBAPTANLHOH CETH.
NPOXOAUT B MEXTPYOHOM MPOCTPAHCTRE NOZOrPEBATES . Haauune oTonure hHoO-
ro nogorpepateas TpeGyeT AONOMNHTENBHBIX HCXOAHKX JIAHHBIX O THOE H HHCIE
CeKIMIl OTONATEILHOTO NOJOTPEBATLAN W O pacxoie BOIbl BO BHYTPHKHBADTA.Ib-
HOH CeTH. .

Pacyer Tena0BOH NDPOK3BOAMTEILHOCTH OTONUTENbHOTrO MOLOFPEHATENH npo-
H3BOLHTCS TIO TeM e (GoPMV.IaM, UTO H pacuer NojorpesaTenel ropavers Bolo-

CHAOKCHNS: :
|

13
b—exp | — Ry, ,r.-"_“! e ]
W '4 .
(\}n.n "'(flll "Tn‘JJ " | SR = | o )1 = a e (1220}
s —_—Xp]| —Rq a Faul o — =
Wlt W[, p [ L el ( W:g Wl'l )[
e F,].” —- fcz“,n —— NGBCPXHOCTL HArpeed OTHIHTEIBHONO NOZOrpeBaTeNA,

fe W 2y 5 — NOBEPXHOCTH OAHON CEKHHH I HX YHCTO. _

Pacuer @, MPOH3BOIHTCA HTEPAUHDHHLIM METOAOM, [OCKOBKY Koatpdu-
{IHENT TENJONEPENATH OTONHTE/ILHOTO NOJOTPEBATeNst k,  ABAALTCH HyHKUHEH
japaliee HeH3BECTHHY CPCIHHX TeMmepatyp Tenionockrench. [lpn nalaennom
3Hagernn Q. ONPEBARTAKICH TeMmMiepaTypal TENANHOCHTEIEH HA BRIXONE HI

NoJAOrpeBaTes 5. ) .
Tuz ~ T '-"Qn.ll'!wll; {12213)
Tt '-"Tqa“f“Qo.rn’Wu- {12216)

3navenne Q, , AOAKHO OLITb YBA3AHO ¢ ONPEIETCHHOK NpeABaPHTEIbHOH Ha-
rPY3KOW CHCTEMbl OTONAeHHS Q. T. €. C jafannofi crenexnio TogHoctH 8Q, 4
MOIKEO COGMOATLCS paBeHeTBo Q, n = @n. Ecan 310 papencrso He BHNOIHSA-
eTCs, BHOBb MPOH3BOAHTCH PACYCT CHCTEMBI OTOMIEHMS HPH HOBhIX 8HAYEHHAX Ty,
H HArpy3Kn OTOTHTENLIIOrO nogorpesareas @, .
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NMpumep 12.3. OnpesenuTL pac
= 2,5 °C (T

BHYTpeHHHE TeMneparyphl tg NP¥ HAPYXKHBIX TeMneparypax te ~
[

Vy TIpH HapYKHOH TeMneparype o

w L — —26°C (v = 150°C).

YETHHIH P

Uexosibiec TaHEble: pacueThas Harpyska OTOMACHHS Q,

merp P = 18 xB1/K [15,5 Thic. kkax/ (-~ C)|. Pacxoa so BH
— 40 T/4. DneBaTOpBl OTCYTCTBYIOT, U =-

Tpefiyemas TemnepaTypa tyr ™

TOUHBI rpauK Harpy3Ku rOp;Huero Bo
69— Qr=— 0,108 — Q= QP 4y Q>
TeMmnepatyphl BOACTPOBOIHOH BOABE 5 = 5G

0: pacuetHas BHYTpeHHAA TeMnep

GOTLl pervJsitopa XapaxkTepHIYETCA peanunaoi po=— 1,2

MojorpeBatesh rOpAYEro BoAOCHABKEH WS Ng — 158 MM ¢ qary
UMCAO  CeKUHil

stHHOl  Opr [ MM,

Tabauna 12.2 « opumepy 12.3. PeayabTaThi pacuyetd pEXHMOD

er

- 4.

18 °C, PacuerHas HapysKHasi Temneparypa
OTHocHTEeALHAS CPCAHAN HATPY3Ka FOPANCro BOJAOCHAGKEHRS Pep = Q?P;"Qé =
nocHAGAEHHS COCTCHT H3 YeThipeXx MPOBOAOH:
- CP . i
=13 QF 4u — Op =
< GO G

r:'l o

2,2Q°P.

aCX0a CeTeBOi BO/Jbl Ha TeII0BYIO MOACTA HIHIO
4 == 70 °C) n npH 3TOM pacxoic OnpeeaAnTs
—--10C (7,

= 106 “C)

0,3.

= 1,16 MBTt (] T'xan), nape-

y'rpuuaap'ra:zmmﬁ cetH Gy =~

arypa t, = |8°C:
--26 °C.

Cy-

HepapnoMeprocts pa-

HHLIMH TPYOKAMH T~

TemuopaTypa Bapyminoro sosayya In \

2.5 we 10 20 —26
O'ruuﬂwe:lhnau parpyska  oTonae- | 0,354 1,636 0,864 1.0
nua Q. ]
Temieparypa #o sueuned cern. °C.
nepes BBOAUM Ty 78.81 110,00 135.27 150,08
nepes OTOIKTEAbEBIM  NMOLOTPC
RaTeIeM Ty [P
Qp -0 7881 110.00 135.27 150,08
s A 72,81 109,36 135,27 150,08
Q- Q™ 56,14 46.00 128 64 148 .36
OCE DTONHTEABMOTD TOAOFE-
BATENH Tro MNP
Q=0 50,23 63,92 74.36 801,26
Qr= Q2F 48,03 63.64 74.28 BO.16
Qp-= QM 10.63 58.53 717! 79.48
ocJae rEoAA Ty NPH:
Qp =0 50.23 63,92 74,36 80,26
Gy 7 33.70 43,27 53.24 59,12
Qp QY 22,05 28,32. 32.77 35,27
Hposoaxenue Tabia. 12.2
TemnepaTypa b KBapTaJabHOH CeTH,
“Ce
nocsae NOAVTPEBATENH Ty NPHD
Qpr=0 69,02 95,57 117,18 129.89
p=QP 64.49 95.03 117,14 129,85
Qp=-Q7 50,87 84,25 111,79 128.44
nepel MOAOCPEBATENEM To2 NPH-
pe- 44,55 56,10 65,01 70,10
Qp==Q5P 42,48 53.80 64,91 649,98
Qp-— QY 36,02 50,99 62,39 69.27
Tewneparypa 8 nomewenuu fu °C 18,17 17.95 17 98 17.88
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QronuTeNbKbl nojorpesarens Dy =

158 MM, ‘SQ-T == i|4 MM, zﬂ_lI i 4-

WaxcHMaabHLI pacxon ceTeBoi Boanl Ha Il ctynetb noaorpeBareAs He orpaHuUnBaeT-

cH.

PeayabtaTel pacyera na IBM TenJOBON [OACTAHIMHK TPH 3aX4HHBIX YCJAO0BHIX NDEA-

cragJexs B Tabauue,

Npumep 12.4, Paccuntath remnepaTypHbiil rpadHK CeTh Al TenAosofl NOICTANUHE ¢
He3ansHCHMON CXCMOH MPHCOGIHHCHHS CHCTEM OTOMJEHHS,

Mexoilible daiHbie: pacXon ccTeBoil BOAbl Ha MOACTAHIHAIO G,==14 3000xr»—’q pased pac-
X0y BOIbl Ha BBOX NPR OTONHTEALHOM TEMNEPaTyPHOM rpaduke 150-- 80 °C # OTCYTCTBHH
HATPY3KK TOPSYeT0 BOLOCHADKEH . Ha BBOAaX VCTalOBJEHLl 3aeBaTophbl ¢ Ko3thHHITHEHTOM

CMCLlIeHHH ol

COKUHKIl OTOTHTENBHOrO NOAOTPEBATEN Zo.p

|.4. Pacxol BOAL BO BHYTPHKBAPTaJdbHOH CeTH Go
C 7 OcTanbHBIe UCXOARBlE JaHHBIE TAKHC KE,

16 700 kriy. Huacno

Kak 4 B npeabiayvuwem npumepe. Tpebyercsa onpeaednTo TeMnepatypy BOAH B T01dK0-
ileii THHHH NpPH YeTBIpeX 3HaUeHHAX TEMIepaTyp HapyXHOIO BO3AYXA: [y ™ 2. - 10
—20: - 26 °C. PeayanTaTsl pacieTa Ha SBM npupciaenn B Tabawnie.

{2.4. PACYETHOE MCCJIELOBAHHE PEXUMOB PABOTHI TENJIOBBIX
' NOACTAHUHWHA C HE3ABHCHMOH CXEMOW

12.4.1. PEJXHMbI PABOTDI OTOMHTENRHBIX TEMJOBLIX MOACTAHILHH

Kax M3BECTHO, IOBEPXHOCTH OTOMKTENLHOrO MOROrpeBATCAH NOAKHA NPOBEPATLCA NPH
TeMiepaType H3a0Ma rpaduka. TOCKONbKY fIPH STHX YCAOBHAX HMEeT MeCT0 MAHHMANbHOE
snauelne KoshduimenTa Tenaoneperaud. PesyJbTaThi pacuercs npH OTOMHTEALHOM TeMme-

paTypHom rpaduxe (t) = 70°C npu £ -

—~95 °C). npeAcTapnennble Ha puC. 12.6, noka-

3LBAIOT, UTO PAcYeTHAaRA IOBEPXHOCTh NOJOTPERATENH (uncao cekumit 2h ), ofecreurnas

tB’o 1\
13
B\
L : Z =”
18 -
Zn=1315
17 a) '
20
19 %
m Zq":7
."J \-_--__—-_—f—* — ] o
17 i 786,65
g}
20 \ I
19 1>
A Zg_n".? ___,,..-"“
BN j&ﬁ..-- -'T"
17 - T- -

6§ 2 2 -6 -0 -1% -8 0
8)

Puc. 12.6. PexuMpl OTONMHTENbHON TemJC-
BOM TMOICTAHUKHY TPH  OTOINHTEJBHOM TeM-
nepatypHom rpaguke:

Zg‘n — PUCHCTHOE 4WCIO COKIHA OTOMHTEALHOTO
nogorpesarean; Zo.u - OKpyraennoe VHCAO CeK-

LA
Vﬂ. M3 /4 t"”. °C V. /4 u
14.3 110 14,3 1,8
é 14,3 130 16,7 1,4
14,3 95 10,0 0

SIS 1 o
19 y ] 12
18 o
" “ ;
20} = 1
19 />1[<_____ A 12
16 10
g o
201 i 14
9 ety (2

18 *' 10
§ 2 -2 =6 -10 -1%-18 t,,°C
6)

Puc. 12.7. PexuMmu OTONHTENLHON Terio:
BDﬁ I'lO,.’lCTﬂHll,HH ﬂpH MNOBBIIEHHOM TEMIIE-
paTypHOM rpaduke.

TE:!. , °C V.. M4 u Zn_" ceKuHil
a . . - 140 14,3 1,8 1!
0. . . 1.40 16,7 [,4 7
. & o« . G4 10.0 @ 3

! — suaueHxe {w ApH Vn=143 wYu=const, 2 —
ypwavenue Vo, obGecneymuanoillec {a=18 °C=const
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TpeByeMYIO TeEMIIE
BRIMEHHBIX HAP YK
Hid KOTODOTO OPH fy =

PATYPY !p NIPH PaCHETHOR
HE X TeMOeparypas. o

HOMY ROBBILLUEHHIG BH}'TDBH‘ICﬁ TEMNARATY Dbl BO BCCM AH@aseHe L,

IlpH noBLIDICHITOM TEMTEDATYPHOM I
MAf TeMMeparypa BO3pacTaeT 00 Mepe
HOQTOM}’ AaW noiIepHanis MOCTORNNLIX 3HA
PACX0] ceresoll DOl MOMKEH CHHMKAILLA [0 MeNe ¥
' a0

AKJIOYEHHUH 110 ABYXCTYTERYATUH nocacoRATebHGH Cxeme, OHLIH NPORE:l
OACTARUMI © GTHOCHTGALUGR narpyskofl ropsuc
0.4: 0,5. THR K YHCI0 CekiUMil HOJOrPEBaTE(CH ropaYero BOI0-
AANCh PABIBIMK PACUCTABIM, OPEARNEHHLM B Tals. 12.4

WHMOB paGOTH YEMAOBLIX 1
AKA pep ~ 01 0,15 0,23 0.3;
cHabmennn [ M 1 cTynenen upHItHm

1010,

6 w¥u

npH

fw

paguke cerd {Ty
HOBRINCIHA HAPYMHOA Temnepatype (paC. 12.7).
WeHHT fp NPH BCCA HUPYWHHX TeMIEpaTypax
BEIHSEHNN f NpHMeprD 6T 14 MYy npy

70 C upn 1w

NapyMHON IeMIIEPATY pe. HEAOC1ATHMHA TTPH NO-
a LipHBOHT K HEKOTOPOMY CHHIKEHHI [y, BEAHUYH-
L2 5°C (17 = 70 7C) nocTuraer 0.5°C. URpyraeuue wuc
A0 Gramakero GoXsIUero UCAOro Muesia TPHBGART, KaK BHMHO {3 pHC.

J1a CERUHI

12.8, kK capejfenel-

5 "C} Bayrpeil-

C1zA2. PEXHMN PABOTHL]L TERJOBLIX NOACTAHILIHA HAIPY JKOW IMOPHYETO
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Pue. 128 PesMal TCLWGBON NOICTANILE ¢ He3aDReHMOR CxeMuih
NUHYATON TOCRSA0BUTEALIGH CXEMOd TOpHtETD BoAOCHAGKEHHA NPy
TypHOM 1padifie:
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Tabauwa
ANA TENJOBOA MOACTAHUHH C PACHETHO

]
Temnepatyprufi rpadux cetu: Iy
CYTOMHOMY rpaduky HATPY3KH soLocHabKeHH s

12.4.

PesyapTatbl pacuer
i Harpy3Ko# OT

— 26

YHCIO uACOB — COOTBETCTBEHHO B 10; 4, 4

a nojorpesaTteneif rop
onaenus Q)

gyero BopoCHAGKeHHH
—1,16 MB1 (1 I'kaa/u)

°C: [ =150 °C; t;=-+5 °C; =70 %C;
Qr/ QP coorBeTcTBYET 0; 1; 1,3; 2.4

PacyeTHEI#
Hegorpen
ceTenoil RO-
Aw B 1 CTY-
LeH|W 1TON0-
rpesaTead

"

nph {y n

Q=P 8¢y °%C

Tlapamerp

cp/.r
OTHOCHTEALHAR HATPYHKA TOPRYETo  Bofocualm eHns Orpro

JajanHan  MaKcH-
MaJjibHas noreps Hano-
pa ceTenoil 301b

MaKc " M
AH npH i, W QM

<4 >4

<4

>4

=>4

<4 >4

<4 >4

Tun nogorpesares
(anaverp kopnyea) D,
MM

100 89

150 100

150 100

200 150

YHeao ceKliui
1 crynedu 2j

2 2

1T erymeHu 21

| 2

CymyapHsie noTepH
wanopa B 00eHX CTy-
neHsix nojorpesaTes
npu £ QY. m

cerepofi BOAM B
MEeKTpYyGHOM NnpO-
crpadcrBe N

2,15 6,54

0.61 4,35

1,27 7,55

2,2 13,08

1,03 3,45

ao,u,onponu,mmﬁ
3oL B Tpybax
AH

0,31 0,78

0.41 1,86

1,48 5,58

3,61 13,65

1,62 7,18

6

JanaHuad MAKCH-
vanbnag noreps Hano-
pa ceTeBOH BOMB

MaKo ”
AHN" npu 15w (1 V'

<4 >4

<4 =4

<4 >4

<4 >4

<4 >4

Tun noporpesarens
(zHameTp Kopnyca)
D. um i '

150

150 100

150 100

150 100

200 150

Gueao CeKUHR:
I cryneus Zi

Il crynenn zn
CyviMapHbie NoTepH
pnanopa B obeux Cry-
neHAx noLorpesartes

upst 75w QL
CcereBuid  BOAbl B
MEKTPYDOHOM

npoctpanctee M ur

]
I

0,i8

0,699 4,16

1,35 8,01

-1
-1

2,05 13,32

1,12 3.65

BOAONPOBOLHOR
BOAW B Tpydax
ANH +

0,08

0,491 1,86

1,66 6,27

3,61 14,88

1,92 8,21
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ipw neaorpese 87 == 6 “C. JLaa KaxI0ro 3HANEHHR Pep PATHETH NPORAIHANCE 114 Tpex 3Ha-
JQUHEX PACHETHON TEMNEPUTYPH BOAK RQ RHVTPHKBapTaaLnoi ceTi: 140, 130, 05 “C. Yncao
CcoXUME OTOMHTEILHOFC HOZUPPEBaTend ¢ JHAMETDOM KOPOYCA 0 -= 150 MM ApupHManoch
ILPH STOM CONTHETCTBEIIHO papnum 1, 7 W 3 HEAADHCHMU OT BCIHYHHE Ogp . [TpH Kampom Ba-
PHGUTE NACHETE CHAYANY ONIPCACTRICH TpedyeMhlil PACXUT ceTerol BOIL. DTOT PECXOA onpe-

MeAAICH oph fy B OpR . | IPHHAMaJI0CH BAHOOARMEE U3 TOTYULHHBIX 3iagenui. JaTem 1pk
APHHATOM pacXele ceTenndl BOABL ONPLALAHAHCH RHYTPEHHHE TEMULPATYPL OTAMAHBAENDI X
noMeuicHnA H TeMUeDATY phl 06PATHOM CUTCBOR ROJW NDK CpeAHEH DaIpy3IKe rapAiero Bo0-.
CHAGHEHNY 1A TeMNepaTyp KapyXuolo Bo3ayXa B JHANasoAc fy — -- 26 - {5 "C. Cy:
TOYHBA rpaduKx HArPYAKE POpAYET pugucHabienis NpUHUMacH o6etabM: 61— Q. = O

0 n—- Qe= Q% 4u— Qe LAY 4w Q- Q7 — 2200
VuuTHRATACH TAKIKE HepabhoMepuocTh PalOTH perydstopa pacxoia. Pesyapraru pac-
yera, npercTasaeHlisie Ha pue. 2.8, MOKARLIBAOT. WIO LUPH GHPCIRIEEROM TeMMNEpa Ty pHoM

rpaduKe Axclnielt TEMIOBOK CUTH K HORX PACCMOTRLHIULIX TEMNEPATYPHEBIN TPaPHKaX BHY-

oY " ! ] Lo |
gZJ |

g Q45

%\ A/_r)r—

s 21 i -

3

; .-b—*""iﬁ

R‘ __...-—'-1'4‘-—'_""‘_“"
: 17 0,3 <[
] X
5 |
7 - - %
<M 6 2 -2 b -1 -4 =18 .-EZ ty°C

Puc. 129, PexiuMul rendoBoll NOJICTAHINY C 338HCAMOT cXewoll OTOMAGHURA M ADYXCTYNIZH-
gATOfl TOCICA0BATCALICH CXCMOH TOPSYEro BOAOCUADNCHHA TPA NOBLHUICEROM 1TCMIeparyp-
Hom rpadmxe (pp==0,25)

TPHKDUPTaRbHOA COTH OTHOCHTEADLHAN 1Arpy3dKa rOPAULro BOAOCIA0MKeNHT RAHACT HA Die
Goty TenIoBol NOACTARLHE € HessuHCAMOH CXEMON TOWHO TéK MC.KaK H NDH He3aBKCHMOMN
cxeme fem. § 8.6, 9.7).

Ilpu 3axaycunax pgp -~ 0 0,15 0,2 6OALWHA pacxos ceTeBoR Bogsl TpeOyeTes npy ré} =
= —.26"C. INosromy npi BeeX OCTAAbHBIX HapPYHHHX TEMNEPATYPAX ITOT pacxa]l HRANET-
€9 K3GBITOUHLIM M, NOCKOMRKY MECTHOE PeryJiHponalide PACX0Aad TelIOTH Hd OTOMACHHE OT-
CYTCTBYET, BHYIPEUISsH TeMNEDATYPa OTAIABACMHR NOMEUEHEH 1oBLILUCTCA,

Mpr axavenwax p = 0.3 u 0,4 Gonewait pacxoa ceTeBol ROJAM Tpefvercs upm th =

<57, [1o9ToMy LpH Drex Gonee HKAKHX HAPYKUEX TEMIEPATYPAX BHYTPCUILLT TEMne:
patvpa nopilaeTes. HanMelpltHe HAMeHEH pHytpeHieli TeMNepaTypel B TeucHde OTOMH-
TEIRHOFD CE30HA MMCIOT MeCTo ¥ ABOHEHTOB ¢ pPag = 0.2 + 0.3. TlosToMy MONKUU CHWTATH,

wro Temnepatypubtfi rpadric cu cpeskoit Ty - 70 °C npw fn = -|-b *C paccunTaH HA THIOBU-
o aboHerta ¢ p A 0,25,

[popeneHEbE pacyerTsl fUMRBEPATYPHNX TPAQHKOB NP PAIAMUNKNXY 3HAUCHHHX P aaa
3aBHCHMON CXEMB! MPHCOSAHKCHHA CHCTEMN OTOMNERHS NUKUIWBMOT, TTO rpadrk o cpes-
Koit T] = 70°C mpu ty — -5 "C coorscrerpyeT rpadiiKy, pacCuHTaHKOMY TPW = 0,25,
T. €. TOMY IKC JHaYeHHIG 0, UTO H IIpH RC3ARKCHMOH cXxeMe,

[Mosromy MOXHO CAeMATh BEEOA, YT pebyeMit TeMNepaTyYPHLIH IPAPHK TeMRABOR ce-
TH 3ABHCHT B OCIIOBHOM OT ReJMHYHIB b H MAT0 JAaBHCHT OT TOTO, A8JHeTen JH CXeMa MTPHCO.
SAHHEHHA CHOTCM OTOMM@HRS AABHCHMOM MK ue3arHcHMoR. Pexumsl paloTH TeNI0RBX MO
CTHHUKA ¢ APYTEMR IHAVEHAAMH [ WPk ITOM TEMITEDPATYDHOM IPabUKe TAKKe NPAKTHUCCHH
He 3AUHCAT OT TOrO, SBJASNETCH JM CXCMa JaBHMCHMOH HIH HezasHemrmMull (puc. 12.B ¥ 12.9).

12.4.3. BTHAHKE C¥TOMHOLIO TPARPHKA HATPYIKH FOPAYETO BOJAOCHABXEHHA

Ha pue. 12.10 npelcTaBaeHbl 3ABHCHMOCIH OT CYTONEOrO H3MEHEHUN HATPYIKA ropf.
yero BOOCHAGKEHHS (B gnalasone o Qp — 0 10 Q) = 2.2Q5P) acex mapamerpos rcnao:
BLIX MOACTAHLUEA MPH ABYX KPAiHuX 3HAYEHHAX HAPYIMILX TEMNERATyp th = —26C u
fa = -~5°C u IBYX PACCMATDHBACMLX TEMUEPATYPHBIX Fpadukax Bo BUYTPHTBA PTaAbHON
ceTH Toj —- 140 n 95 °C.
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Puc, 12,10. Bauanue Harpy3xkH ropsiuero
ROACTAHLHH ¢ HEIABHCHMLIM TPHCOEIUHEHHEeM

nocJaefoBaTe bHOH CXeMofi ropAvero BoJoCHabkKeHHN:
Q.;zl I'kan/a (1,16 MBT); pep=03; pmarc=0,66; noaorpesaTeas ropayero BOAOCHaGKeHHA D=150 mMM;

zl=4; 2“#5

BOLOCHAOKEHHS Ha peHuM paboTh TenJaOBOH
CHCTEMB OTONJEHHS H

ABYXCTYNEHYaTOM
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PesyantaTh pacueTop LIOKa3HBaWT, YTO MPH tn = -26 °C. Harpes BOACRPOBOANOH
BOZBl HMCCT MECTO UGAHKOM # [ eTymedw noporpesareas. IIpH 37oM Mpa HarpysKkax, MeHb-
WHX MAKCHMAZRHON, TeMnepaTypa karpertoit BOACNPUBOAHGH BOIbI MpEBHLATT 60 “C.
TesnepaTypst BOJIB B 9JEMCIHTaX yCTaHORKH MaJO JRBHCAT OT TemnepaTyvpuoro rpadwka
BO BHYTPHKBAPTAJLHOH CUTH, '

12.4.4, BAHIHHE TUNA H YHCOA CEKUMA OTOMHTEJLHOTO NONOTPEBATENA
H NOJOUPEBATENA MCPAYETD BOZOCHAGKEHHA

Kax nokazano sumie (6 § §.7), wamenenne rhita {(anaMerpa KOpuyca) Merorpesatens
ropsuero BOAOCHAGKCIHS TPl HERAMEHHOM HHLAL cexumil KaXIol CTyuCHE npakTATeCKH HE
GKATWBALT BANRHMA 113 pexiey PABOTH Telaopoil MOACTARUHH, UQUKONLKY HAMEHEHES NO-
Rep XHOCTH 110AVIpeBaTENH KOMIOEHCHPYCTCR ¢OOTBeTCTRYIOIIHM namelcunes KosphrEiuAcHTy
rendonepedaun. FI3MEHsieTCRn JMIbL NOTCPH Hanopa ® noJorpeBuTLe.

AHAJOCRUKGLIC PR3y ARTATH GBUTH NOJYHCHE AP MCCACIOBAHMA LIHANAS THTA NOJUT Pe-
BATENA QTONACUNSI HA PENHM PAGOTH TeIOBLHE MOJCTAHIHR. Kax noKa3LRanT NPHBEACHHEC
Ha puc. 12.1| peayanTaThl PacyeTos (yCNOBHA PRCHETOR ¥ KA3uHL D NOLPHCYHOYHOR MAINH-
CH), CHHMKCHHE IMEMETDAa KOpMvea lelurpenateds or 200 a0 100 MM, ueMy COOTBCTCTBYeT
CHHKEHHE 1oDepXincTh narpesa or 150 av 25 M%, MPHBOAMT K CHHIKCIHIO PHYTPEHHel 1eMme-
patypbl seero ma [--0,5 “C npH BLCX DAPpYIKHMX TEMOECPATYpEX.

[Ipw sTow noTepH HAMOPa CETesol BOAN B MOJ0rPeBaTe1¢ BO3pACTAlT OT 0,256 a0 7.5 M.
Takum uGpasoM, NPH RATHYHH Ha TCWIOBOH NOACTAHLHHE AOLTATOUIIOID pacnoJaraeMoro Ha-
nopa nusepxiocThb TOROIPEBATEEH MUKET GHlIfTh AHAMATEABHO CHAKENHA 34 CUeT YMEHLLIEHRA
AHAMeTpE KOpTYea NOIOTDEeBATeACH KiK ropsiero BofoCHAOHCUNS, TAK H OTONEHKA.
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Pre. 12,11, Buusuke THNA OTONATENLHOrU MOJOTPeBaTens A PeuMbl  paboT TennoBok
HOACTAHNIH:

Q{; =116 MHAv {1 