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BCTYNAEHME

[IpoekTrpoBane WHKEHEPHBIX CUCTEM KaK BHYTPH, TaK W CHapY:KU
3MAHUI TIpeTepIieBaeT CeroAHs 3HaUMTeIbHOE M3MeHeHue. Bee ¢ Goubieit
YBEPEHHOCTBIO TIPUMEHSIIOT aBTOMaTHYeCKoe 000pyI0BaHie, KOTOpPoe TpH-
3BaHO 06ECIeUnTh TEIIOBOI KOMMOPT B TIOMEIIEHUSAX IPU MUHIMAJTbHBIX
AKCILIyaTallMOHHBIX 3aTpatax. B To jke BpeMsi, OTCYTCTBHE B TIOJIHOM Mepe Ha-
YUHO-TEXHUIECKOM JINTEpATyphl, MOSICHSIOMIEH creliuduKy paboThl HOBOTO
060pYIOBaHUST BO BCEX PEKUMAX DKCILIyaTAI[IH, TOPOIl MIPUBOAUT K HEOCO3-
HAHHOMY €ro MIPUMEHEHIIO OO HEYBEPEHHOCTH B €0 PaboTOCIIOCOOHOCTH.
W xoTst aBTOMaTHYECKOE 0O0PYAOBAHUE B TIOAABJSIONIEM OOJIBIINHCTBE CJIy-
YaeB TePeCcTPaxoOBbIBAET IIPOEKTHPOBIINKA OT BCEBO3MOKHBIX HEZI0PaOOTOK
B HOPMUPOBAHUH, METOIMKAX PAacyeTa, MOHTaKe U HaJla/IKe, BCe JKe OHO Tpe-
6yer 0co00Oro PacCMOTPEHHMsI [IJisi BHIPAOOTKH KOMILIEKCHOTO MOHUMAHUST
B3aMMOCBSI3U MEKIY BCEMU DJIEMEHTaMHU CHCTEMbI U TPUHATHS HanboJiee
9HEprodhGHEKTUBHOTO PEIIeHUs.

[enocTHast KapTUHA BOCIIPUSATUS WHKEHEPHBIX CUCTEM — OCHOBA COBpPE-
MEHHOTO TTO/IXO/Ia TIPU ONPEIeJIEHUN X 9HEPreTHIeCKOl a(hHeKTUBHOCTH.
PaccmoTpenmne B3auMoIeHiCTBUST BCEX 2JIEMEHTOB HapY KHBIX U BHYTPEHHUX
UHKEHEPHBIX CUCTEM Ha IyTH OT MOTPeOUTE s 10 MCTOYHUKA TEIJIOThI 110-
3BOJISIET PACKPHITh U PEAJM30BaTh B IIOJHON Mepe MOTEHIMal B aHeprochHe-
peskenuu. [lepsblil war atoro mytu yske npoiizien. Komnanueii «landoce» us-
JlaHa HAYYHO-TIOIYJIsIpHAast JIuTepaTypa Mo 0COOEHHOCTSIM MTPOEKTHPOBAHUST
COBPEMEHHBIX CHCTEM OTOTIEHUSI U 10 UX JHEPTreTHYECKOMY COIOCTaBJIe-
Huto. CJIeAyIONNM IIaroM siBJIsSIeTCsT JaHHast KHura. B Helt paccMoTpeHbI Bo-
MIPOCHI, BO3HUKAIOITNE TIPU TPOEKTUPOBAHUN WHIUBUIYATHHBIX TEJIOBBIX
MYHKTOB, SIBJSIIONINAXCS CBA3YIONIMM 3B€HOM BHYTPEHHUX W BHEITHUX THI-
PaBJINYECKUX CHCTEM.

B kmure ynenreHo BHUMaHWE WHAWBUAYATbHBIM TETIJIOBBIM TTYHKTaM,
MOCKOJIBKY UMEHHO OHU TIPETEPIIEBAIOT B HACTOSIIIEEe BPEMSI 3HAUNTENbHbIE
M3MEHEHUS] He TOJHKO B TEXHUYECKOM OCHAIIEHUN W PACITUPEHUN BbITIOJ-
HsIeMbIX (DYHKIIHIT, HO U B UBMEHEHUH CII0CO0a PEryTupoBaHus TEILIONOT-
pebaenvieM 3panuii. TloBceMecTHOE TPUMEHEHHE TEPMOPETYJISITOPOB Y
OTOMHUTENbHBIX TPUOOPOB CHUCTEM OTOIICHUS TPUBEIO K MEPEXOAy OT
KaueCTBEHHOTO PETYJUPOBAHUS K KadeCTBEHHO-KOJTUYECTBEHHOMY. IJTO
noTpe6oBAJIO0 COOTBETCTBYOIIETO HAYYHOTO, TEXHUYECKOTO U MTPAKTUIECKO-
ro nozaxoga B obecriedeHny 3(hHEKTUBHON pabOTOCIIOCOOHOCTH CUCTEMBI
OTOIJIGHUST U CHCTEMBbI [IEHTPAJIU30BAHHOTO TEILIOCHAGKEHUST, pacCMaTpH-
BaeMbIX KaK e[HHOe 11eJI0E.

BesyciioBHO, cymiecTByIoNne TEIIOCETH HE B MOJHOM Mepe OTBEYaioT
COBPEMEHHBIM YCJIOBHUSIM PETYJUPOBAaHUs TEIIONOTPEOICHUS 3HaHMii.
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OjiHaKO WX PAHO CIUCHIBATH 32 HEHAMOOHOCTHI0. OHU COMEPKAT 3HAUMTEb-
HBII [TOTEHIMAJ, KOTOPBIIL elle CIefyeT Peanins3oBarh B Omxkaimem Oymy-
meM. B HacTosiee BpeMst TENIoaIeKTPOIIEHTPaIn HecyT Ha cebe Cylect-
BEHHYIO HATPY3KY MO TEILIO- U 3JEKTPOCHAOKEHIIO TOPOJIOB U HACEJEHHBIX
nmyHKTOB. CorsiacHo "JHEpreTUYecKoil cTparern YKpaumHbl Ha TEpUoO 10
2030 rojia n gaTBHENIYIO TEPCIIEKTURY " TaKasl TEHIEHIIUS COXPAHUTCS U B
Oynyriem. [ToaToOMy TeIIoBast 9HEPTHUST, KAK HEOTHEMJIEMAsT YaCTh TEHEPUPO-
BaHUs AJIEKTPOIHEPTUH, JIOJIKHA OBITH B MOJIHON Mepe HalpaBJieHa Ha TeTl-
JlocHaOKeHue 3aHU.

Pacripesieniennie u perysmpoBanue TEIJI0BON JHEPTUY KaK BHYTPH, Tak U
CHAPY’KU 3[[AHUH B COOTBETCTBUU C TIOTPEOHOCTHIO SIBJISTIOTCSI OJIHUMU U3 OC-
HOBOTIOJIATAIONIHX MOAXO0/I0B aHeprochepeskenus. [l aTux 3aa4 KOMIIaHUs
«[landoces TPOU3BOMUT BECh CIIEKTP aBTOMATUYECKOTO 3aII0PHO-PETYJINPYIO-
IEr0 U U3MEPUTEILHOTO 000PYI0BAHNS JIOOBIX CXeMHBIX PENIeHUH Terio-
BBIX IIYHKTOB HOBBIX 1 PEKOHCTPYUPYEMbIX crcTeM. Kpome TOro, BBIITyCKaeT
Pa3INYHBIE THIIBI IJIACTHHYATHIX TETIO0OOMEHHUKOB U U3TOTABJIMBAET OJI0U-
HbIE TEIJIOBBIE MYHKTBI 3aBOJICKON COOPKU JIJIsT BCEBO3MOKHDBIX BAPUAHTOB
MPOEKTHBIX perteHnil. Mbl oTBeyaeM 3a KaueCcTBO BbIITyCKaeMON HaMM IIPo-
JYKIIMU ¥ BCEIEeJI0 CocOOCTBYEM TOBBIIEHUIO 3HAHUH BO Beex cdhepax ero
NPUMEHEHMUSI.

[Tno0TBOPHOE COTPYMHUYECTBO C MTPOECKTUPOBIIUKAME, MOHTAKHUKA-
MU, HAJIQIYMKAMU, dKCILTyaTallHOHHUKAMHU... TO3BOJIICT COBMECTHO paccMa-
TPUBAThH HACYIIHbIE 3a/[a4i ¥ BhIpabaThiBaTh OOIIME PEIIEHUs B CO3JAHUN
aHeproadeKTUBHBIX 3/[aHUii. Mbl BCeTIa OTKPBITHI 7151 HAYYHO-TIPAKTHye-
CKOTO COTPYJIHHWYECTBA U MPOBeeHUS MPoGecCuoHaNIbHOTO aranora. Mbl
pacyYmnIaeM CJIOKHBIE YTH B MIOHUMAHUU COBPEMEHHBIX CHCTEM U 000PY/I0-
BaHMs, JIOMyCKasi, YTO He BCA JJoOHeceHHas MH(MOPMAInS SBJISIETCA TOXOAYU-
BOIi 1 BceoObeMITIONIEl. Baru aprymMenTipoBaHHble 3aMedanis 0053aTe lb-
HO OY/LyT BOCIIPUHSATHI IS YJIydIIeHNs Hatei paboThr.

B KkHMre paccMOTPEHO THMPOKO KCIOJIb3yeMoe 3a pybeskoM TOHATHE
"BHEITHUN aBTOPUTET" PEryJUPYIONIero KjaamaHa, KOTOpoe MO CBOeW CyTu
COOTBETCTBYET TePMUHY "KOIPPUIIMEHT UCKAKEHUS UI€aTbHON PACXOIHOM
XapaKTePUCTUKU", TPUMEHIEMOMY B OTE€UeCTBEHHON 1TpakThke. OIHAKO 3TO-
T'O OKA3aJI0Ch HEJIOCTATOUHO /17151 BBIICHCHUS MTOJTHON B3AaMMOCBSI3U PETYJINPY-
IONMIUX KJIANAHOB U MPOMCXOAAIINX TH/PABINYECKUX TporieccoB. I[loatomy
[IPUMEHEHO HOBOE IIOHATHE "0a30BOr0 aBTOpHUTETA”, IIO3BOJIMBILEE YCTAHO-
BUTD CTETICHb MCKAKEHUS UI€AIbHON PACXOTHON XapaKTePUCTUKH KJlallaHa B
3aBMCUMOCTH OT €10 KOHCTPYKTUBHBIX 0COOEHHOCTEIT. 3aTeM TTI0Ka3aHo J1ajb-
Hellllee UCKaKeHUe 3TON XapaKTepPUCTUKU TI0]] BIAUSHUEM "BHEITHETO aBTO-
putera”. CymMMapHoe MCKakeHHWe MIeabHON PACXO/IHOW XapaKTEePUCTUKHI
"6a30BbIM aBTOPUTETOM" 1 "BHELIHUM aBTOPUTETOM" OIIPEAEIEHO IIOHATHEM
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"MOJIHBIN BHENTHUU aBTOPUTET . Takoll moaXox /ajl BO3MOKHOCTD yBI3aTh
BOEJINHO TEOPUIO, KOHCTPYKTUBHbBIE OCOOEHHOCTH PETYJIUPYIOIIETO KIalaHa
U MPOUCXOJANINE TUAPABINYECCKUE TTPOIECCHI TIPU PETYJIUPOBAHUN MHIKE-
HEPHBIX CUCTEM 3/[aHUS.

Bce nostyuyenHbie ypaBHEHUS COITPOBOKAAIOTCS TPUMEPAMHU, TI03BOJISIO-
MIMMU TIOJYYNUTh HABBIKM B IIPOEKTUPOBAHUM U Hasazike. OHU Bcelesio co-
CTaBJIEHBI C UCMOJb30BaHHEeM obopyaoBanus «/laHdoce». B o ke Bpems,
JUUIS TIPAKTUYECKOTO PUMEHEHUS CJIe/lyeT UCIIOTb30BaTh MOCAeIHIE BEPCUT
TEXHUYECKOTO OTUCAHUST JTAHHOTO 00O0PYIOBAHUS, TIOCKOJBKY MPOUCXOIAT
MOCTOSTHHOE COBEPIIEHCTBOBAHME 110 Mepe Pa3BUTHUSA HAYYHBIX 3HAHUN U
MIPUMEHEHNS HOBBIX TEXHOJIOTHIA.

B kHuUre He CTOMT MCKATh OTBETHI HA BCE BOIPOCHI, BO3HUKAIONIME HA
npakruke. [IpakTrka MEOrorpania. Kuura paccuuraHa Ha mosrydenue 6a3o-
BbIX 3HAHUI O KOMIIJIEKCHON B3aMMOCBS3U 2JIEMEHTOB WHKEHEPHBIX CHCTEM
U MPU3BaHA Ha JTOI OCHOBE, a TaKxkKe COOCTBEHHOM OIBITE CIIEIHATICTOB,
pelaTh MpakTUYecKue 3a1a4u /171 KOHKPETHBIX YCJIOBUI.

B xHure mmpoko UCmosib30BaH HAKOIJIECHHLIH MUPOBOU OIBIT COTPY/I-
HuKoB KoJutektuBa DANFOSS 1 oHa siBisiercst peaimsanueil ero o6mmx
yeusuid. ABTOpP NMpHU3HATEJEH KOJUIEKTHBY KOMIIAHUU 3a co3jaHue GJaro-
IPUSATHBIX YCIOBUI ILIOZOTBOPHON TBOPYECKON pabOThI M BCECTOPOHHION
nomoiib. Ocobast 61ar0APHOCTD KOHCYJIBTAHTY MO TEXHUUECKUM BOIPOCAM
Anjipeio /lemenuny 3a HAaKOILIEHHBIN U TIPE/IOCTABJIEHHBIN OTIBIT a/IalITAIll1
obopynosaruss DANFOSS B oredecTBEHHBIX YCIOBHUSIX. ABTOp MpHU3HATE-
sen IMogropuomy Bukropy IOpbesuuy, EpemenkoBy Hukomnaio I'puropne-
Buuy u Cuzenko Haranuu @eznoposie 3a mpodeccuoHaibHble 3aMedanus,
KOTOpBIE YJIYUIIMJIA CONEPKAaHUE JAHHOW KHUTU U ONPEAETUIN TyTH ee
JAJIbHENIIEr0 COBEPIIEHCTBOBAHMSI. ABTOP OJIarofiapeH TakKe KOMIIAHWU
WILO 3a npefocTaBJIeHHYIO BO3MOKHOCTb MCITOJIb30BAHUS COBPEMEHHON
HAYYHO-TEXHUYECKON MH(MOPMAIINN.

ABTOp € yI0BOJILCTBUEM JIACT IOTIOJTHUTEJIbHbIE PAa3bICHEHNS 110 TIPE/I-
JlaraeMbIM MeTo/InKaM 1 Teopun. He uckiovaeT aabTepHATUBHBIX TIOJIXO/I0B
K PEIIeHnIo PacCMaTPUBAEMBIX 3a/1a4. Beera ToToB K HayYHOH AMCKYCCUU U
MOMCKY UCTUHBI, & TAKXKE BOCIIPUATHIO aPTyMEHTUPOBAHHBIX 3aMevyannii. Co
BCEMU 3aMEYaHUSIMU ¥ TIPEJIOKEHUSIMU TI0 COJEPKAHUI0 KHUTU MPOChha
0bpaIaThCst HEMOCPEACTBEHHO K aBTOPY.
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YCAOBHbIE bYKBEHHO-UNM®POBbIE ObO3HAYEHUA

A — ylebHOe [rnHaMudeckoe aasienue, [la/(kr/a)?

a — aBTopuTeT (BHEITHUI ) KIamana

as  — 6a30BbIil aBTOPUTET KJIATIAHA

a*  — TOJHBIN BHENTHUN aBTOPUTET KJalaHa

b — TONPABOYHBIN KO3(hMUIIMEHT, YYNTHIBAIOIINN BIUSHNE €CTECTBEH-

HOTI'O JIaBJICHUA

C, —obbemuas pons antudpusa, %

C — XapaKTepPUCTHKA COMPOTUBJIEHHS yuacTKa TPyOb, 6ap/(M?/a)™

c — K03 PUIHEHT TTPOMOPIIUOHATIBHOCTH

d — quameTp TpybonpoBoa, M

d, - ycnoublil imamerp TPyGONIPOBOAA, MM

Jfr  — K09 DUIMEHT KayecTBa PETYIMPOBOYHO-TEXHUUECKOTO OCHAIIEHUS
CUCTEMBI

G — MacCcOBBIH pacxo/ BOJBI, KT/q

G1go — MacCOBBIN PACXO/] BOBI P TIOJTHOCTHIO OTKPBITOM KJIATIAHE, KT /4
Gy — HOMUHAJBHBIN (PACcUeTHBIN) MACCOBBIN PACXO/] BOIbI, KI'/4

AG - M3MeHeHHe MacCOBOTO PAcXo/ia BOIbI, KI/4

H — HaIop Hacoca, M

h — BbICOTA 110/beMa 3aTBOpa KJlallaHa, MM

higp — BBICOTA MTOBEMA 3aTBOPA TIOJHOCTHIO OTKPHITOTO KJIATTAHA, MM

k — KOPPEKTUPYIONuit Koahduimenr

k, —HomuHasbHas (pacueTHast) HPOIYCKHass CIOCOOHOCTH KJallaHa,
(3 /u1) /Gapt?

ks — XapakrepucTHYeCKash MPOIYCKHAs CTOCOOHOCTD MOJHOCTHIO OTKPBI-
Toro Kjamana, (M*/4a)/6ap®’

k, —rpaHnmumas ympaBiseMas MPOMYCKHAS CIMOCOOHOCTH Kiamana,
(/1) /Gap??

kv45 — MPOIYCKHAsT CHOCOOHOCTH KJamaHa npu HacTtpoiike 0,451,
(3 /11) /Gapt?

L, - jmomycTuMblii 9KBUBAJIEHTHBII YPOBEHD 3ByKa 110 1irymy, dB(A)

/ — myHa Tpy6OTIPOBO/IA, M

m; n — MOKa3aTeJIN CTENeHN
max — MaKCHMAJIbHAS BeIMINHA

min — MMHUMAaJIbHAs BEJINYNHA

n — [OJIOKEHNE HACTPOIKH PEryInpyIONIero Kiamnana

Mpax  — MAKCUMAJILHOE MOJIOKEHNE HACTPONKHN PETYJIMPYIONIEro KaarnaHa
P2  — momHocTh Hacoca, KBt

AP —norepu nasjenus wi usbbiTouHoe gasiaenue, [a [6ap]
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AP* — abcomoTHoe IaBjIeHre Ha BXo/e Kianana, [1a [6ap]

AP, —rpaBuTanoHHOE (€CTeCTBEHHOE) JaBJjeHue Tenjonocuress, Ila
[Gap]

AP, —TOTepu AaBJE€HUS, CO3[aBAECMbIe CMEIIEHUEM 3aTBOPA IIPU HACTPOITKe
kianana, ITa [6ap]

AP, — naBieHue, co3maBaemoe Hacocom, Ia [6ap]

P,,. —ZIaBjeHue HACBIIEHUS TapOB BOABI Ipu paboueii Temieparype, Ila
[Gap]

AP, - notepu jaBieHus B temioobMennuke, ITa [6ap]

AP,,, — TIOTEPH ABJIECHUA B PETYIMPYIONIEM CeYCHMU (MEKIY 3aTBOPOM M
ceqyiom) kianana, ITa [Gap]

AP, —norepu jaBjeHus Ha Kiarnate, ITa [6ap]

AP, — akTUBHAs COCTABJIAIONIAS IIOTEPD ABJICHHS HAa aBTOMATUYCCKOM KJla-
naue, [1a [6ap]

AP, — moTepu JaBJIEHUST TIOJHOCTBIO OTKPBITOTO KJiamaHa, I1a [6ap]

AP, - mnoTepu JaBiieHUst Ha TepMmoperyJisitope, ITa [6ap]

APVW— [IPEEIbHO JOIYCTUMBbIH OeCKaBUTAIIMOHHBIN TIepena] AaBJeHus: Ha
KJanase, 6ap;

AP~ — moTepu JIaBJeHNsT HA PETYINPYEMOM ydacTKe 6e3 yuera moTepb JAaBs-
JieHus B kiarnane, [Ta [6ap]

Q  — TemwIOBOH MOTOK TEII00OMEHHOTO TIprbopa JOO TEIIONOTEPH MO~
Merenus (371aans), Br

Qn — HOMHUHAJBHBIN (PAcYeTHBII) TEIIIOBOI OTOK TEILIIOOOMEHHOTO MPH-
6opa, Bt

rp  — KO OUIMEHT COKPAIECHUST TEIIOTOTPEOICHIS IPU TIOIEPIKAHUH
TEMIIEPATYPHBIX YCJIOBUI B IIOMEIIEHUN

S — XapaKTePUCTUKA TUPABIMYECKOTO COMPOTUBIIEHUS y4acTKa CUCTe-
Mol [Ta/(kr/a)?

T, - reMmieparypa IMOJaBaeMOrO U3 TEIIOCETU TEIIOHOCUTEST Ha abo-
HeHTCKoM BBoJe, ‘C

T,  — TemrepaTypa TEIIOHOCUTEST, BO3BPAIAEMOTO OT AGOHEHTCKOTO BBO-
z1a B TeroceTh, C

t — TeMmrirepatypa, ‘C

t, — TeMIepaTypa TeIJIOHOCUTEIS, TIOZIABAEMOTO B CUCTeMY oToreHust, *C

t, — TemIiepaTypa oxJaxKaeHHon 8o, *C

t,w — TeMIlepaTypa Hapy:KHOTo Bo3myxa, "C

t;,, ~ — TeMIilepaTypa BHyTPeHHero Bo3jyxa rnomertenus, °C

L,  —cpemHsisl TeMIIepaTypa HapyKHOTO BO3JyXa 32 OTOIUTEIbHbII TIepu-
orx, °C
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At —nepenan Temriepatyp, C

\% — 0ObeMHBII pacxo BOAbI, M3/4

Vg V4 Vg — 00BeMHBIN Pacxojl BOJAbI COOTBETCTBEHHO B 00IIEM, ITPSIMOM U
MEPIIEHINKYISPHOM KaHAIaX TPEXXOZ0BOTO KJamaHa, M2 /9

V, - 00beMHBII pacxoi BOJbI B CHCTEME, M3 /4

Vy  — HOMHWHAJBHbIH (pacyeTHbIiT) 0O0bEeMHBII PAcX0/l BOBI, M3 /4

V,  — 00beMHBIN PacxXoji BOABI B [EPEITYCKHOM KJarane, M%/q

Vg — 00BeMHBII PacXojl BOAOTJIMKOJIEBOI cMecH, M? /4

V5 — 00beMHBII Pacxoj BOJABI IPU OTKPBITOM Ha 45 % kianase, M>/q
Vigo — OOBEMHBII PACXOJ BOBI IPH TIOJHOCTHIO OTKPBITOM KJIAllaHe, M /4
AV — usMmenenure 0GbEeMHOIO pacxo/a Bobl, M*/4

p — TLIOTHOCTD BOJIBI, KT/M®

Py  — IJIOTHOCTb IJIMKOJISL, KI/M®

7 — K09 PUIMEHT KaBUTAIIUH

) — CKOPOCTH BOJIBI, M/C

£ — K02 (HUTIMEHT MECTHOTO COTTPOTUBIIEHUS

O — IpoBOAMMOCTH, (Kr/4)/I1a%

T — TIepuojl BpeMeHu, MUH [4]

¢ — koadunrenT 3(pHeKTUBHOCTH aBTOPETYIMPOBAHUS TIO/[A4U TETLJIO-
TBI B CUCTEMY OTOILJICHUS
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YCAOBHbIE TPAOUYHECKME OBO3HAYEHUA

HaumeHnoBanune OGo3sHauenne |HammeHoBanme 0OGo3HaueHne
Tpybonposos —— | Pyumnoii Hacoc
Tentonposo oot —_—T1 —
Hacoc
TertonpoBo 06paTHBII —_— T2 —
[Mopatomuii Tpy6onpoBo Pacxozmomep
Topsiueil BO/IbI CHCTEMBL — T3 —
TOPSUEro BOIOCHAGKEHIIsI TennospruncanTenn
LMpKy/ISIITMOHHBIA TPYGOTIPO- DunpTp

BOJ{ mpﬂqei/i BO/Ibl CUCTEMbI

DuapTp €O BCTPOCHHBIM
ropstuero BOJOCHaGKeH st

CIIYCKHBIM KPaHOM
JlaT4uK TeMiepaTypbl BOABI
(TEIIOHOCHUTeIs )

Bognorposos xossiicTBenHo-
MTUTHEBOM

brrtoBas kananmmsanus I'pazesuk

Jlnadparma TepmoperyJsitop

TuaposarBop Tepmoperyastop ¢ hyHKIei

TePMUYECKON /ie3nHbeKInm

3alopHblil Ky1araxn

[[TapoBoii kpaH TPOXOTHOIM Perynarop temmepaTypbt

3ajIBUKKA Kpan Boopaz6opHslit

banancupoBounbIii KiamaH
ITPOXO/THOIT

Bpisa B Fo N T 5

DJIEKTPOHHBII PETyJISATOP

—

TpexxomoBoii cemenbHbII
KJIaTaH

Jlatunk Temmeparypbt
HapY;KHOTO BO3/IyXa

ext

Jlatunk Temreparypbt

[TpesoxpanuTebHbII KiIanaH
BHYTPEHHETO BO3/yXa

"o
h =

Kpan
Kiaman MmeM6paHHbIit

Tubkast BcTaBKa

Kunanan ¢ 51eKTponprBo1oMm Tepmomerp

Koarman ¢ TIPUBOJIOM TIPAMOTO

JeiicTBus Manomerp

Kunaran ¢ IJICKTPOMATrHUTHBIM

JlaTuuk jpaBiaeHus
TIPUBOJIOM

OGpaTHblii K1aman T'nppoaneBaTop

Crabusiuzatop pacxona TuzpoaiesaTop ¢

peryJupyeMbIM COTLIIOM

Kianan peiyKImoHHblit

Pacumpurenbubrii 6ax
OTKPBITOTO THIIA

Pacminpuresnbubrii 6ak
3aKPBITOTO THITA
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OCHOBHbIE TEPMWHbI 1 OINMPEAEAEHUA

Ba3zoBslii aBTOPHUTET KJIallaHa @5 — OTHOIICHUE Ha MTOJHOCTBIO OTKPbI-
TOM KJIallaHEe [IOTEPb IABJICHNS B PEryIMPYIONIeM ceueHnt APyqs (MeKTy 3a-
TBOPOM U CE/IJIOM KJIAllaHa) K TOTEPSIM JIaBJICHUS MEK/LY BXOJIOM U BBIXOZIOM
APys XapaxTepusyeT HayaJbHOE OTKJIOHEHUE PACXOHON XapaKTepPUCTUKU
KJanasa (3aBUCUMOCTD MEKLY PACXO/IOM TEIJIOHOCUTEIS Yepes Kianad V 1
XOJIOM MITOKA /i KJIallaHa) OT UEAIHbHOI PACXOJHOU XapaKTePUCTUKH, BbI-
3BaHHOE KOHCTPYKTUBHBIMU OCOOEHHOCTSMHU TIYTH MPOTEKAHMS TENIOHOCH-
TeJist BHYTPHU KJalaHa.

Buennuii aBTOpUTET KJIanaHa @ — OTHOIIEHKE TIOTEPD JABJIEHNs Ha 110JI-
HOCTBIO OTKPBITOM KJjarnaHe APy K TIOTEPSIM JIaBJIEHUSI HA PEryJIpyeMOM
yuactke cuctemMbl AP. Xapakrepusyet ehopMaIiiio pacxXo[HON XapaKTepuc-
TUKK KJIallaHa, BBI3BAHHYIO KOHCTPYKTUBHBIMEI OCOOEHHOCTSIME TTyTH HIPOTE-
KaHUS TEIJIOHOCUTEJIS Yepe3 PeryJIupyeMblil y4aCTOK CHCTEMBL.

Ilonubiit BHEMIHMIA aBTOPUTET KJanaHa a* — OTHOIIIEHNE TTOTePh JaBJie-
HUSI B PETYJIUPYIONIEM CEYEHUHU OJHOCTBIO OTKPBITOTO KJanaHa APy K 110-
TepsIM JIaBJIEHUS Ha PETYJINPyeMoM ydacTke cucteMbl AP. Pasen mpounssese-
HUO 6Ga30BOTO 1 BHEILIHETO aBTOPUTETOB KJalaHa. Xapakrepusyer pabouyto
PACXOIHYI0 XapaKTEePUCTUKY KJamaHa, M0 KOTOPOH OCYMIECTBJISIETCS Pery-
JIIpOBaHKe 00BbEKTa PEryJINPOBaHUsI, U KOTOPask YIUThIBAET KOHCTPYKTHB-
Hble 0COOEHHOCTH KJIallaHa U PETYJIMPYEMOTO yUacTKa.

AP reg ™ AP APreg
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AP AP | |AP
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M COBPEMEHHbIE TEMAOBBIE IMYHKTbl. ABTOMATUKA 1 PEFYAMPOBAHWME

1. TEMAOHOCHTEAD

[TepeHoc TEIIOTHE ¥ X0JI0/1a 110 TPYOOITPOBOAAM OCYIIECTBISIOT IIPH TI0-
MOIIIY JKUJIKOCTEHN WJIM ra30B, Ha3blBaeMbIX TellJioHocuTesiMu. [1pu meHTpa-
JIM30BAHHOM TEILJIOCHA0KEHUH B KAYEeCTBE TEILJIOHOCUTE/ISE IPUMEHSIOT, KaK
npaBuJio, Boay. OHa Heopora, IPaKTHYECKH Hec)KMaeMa, criocobHa mepe-
HOCUTb KOJIMYECTBO TEILIOTHI IIPU paBHbIX oObeMax noutu B 100 pas 60Jib-
1e, 4eM BOJSTHOI map. B To ke BpeMst uMeeT psiJi HeTOCTATKOB, YCIOKHSIO-
IMX TIPOEKTHPOBaHKE W dKCIUTyaraluio cucreM. Ee moTHOCTB, 06beM U
BSIBKOCTb 3aBUCST OT TEMIIEPATYPbhl; TEMIIEPATyPa KUTICHUST — OT JIABJICHMWS,
KHUCJIOPOZIOPACTBOPUMOCTD — OT TeMIIepaTyphl U JaBierus. Kpome Toro, oHa
nMeeT OOJIBIIYIO IIOTHOCTD W BCTYTIAET B XUMHUUECKHUE U 3JIEKTPOXUMIYEC-
KHe Peakiiy ¢ MeTajlJlaMU, YTO 3aCTaBJISIET 3alIUIATh WHIKEHEPHBIE CUCTe-
MBI OT UX Pa3pyIIeHUsI.

OJHUM U3 METOJIOB 3aIUTHl CUCTEM OT JIECTPYKTUBHBIX BO3JIECHCTBUI
BOJIBI SIBJISIETCS TIPUMEHEHHE 0O0PYI0BAHNUST, COOTBETCTBYIOIIETO €€ KauecT-
BY. C aT0# 11e71h10 BCIo TPOAYKITHIO «/{ardoce» afanTupyoT K XUMIYECKOMY
cocraBy BojIbl. KOHTaKTHPYIOIIHE ¢ BOJIOI 9JIeMEHTBI, KaK 00s13aTeIbHOE M-
HUMaJIbHOE TPeOOBaHWE, BBIMOJHSAT U3 YCTOWYMBBIX K KOPPO3UH METAJI-
JIOB: CHEIMAJIbHON JIATYHU, XPOMUPOBAHHOW CTaJN, HEP5KABEIOMIEN CTAJM...
YTNIOTHUTEW NU3TOTABIUBAIOT U3 YCTOWYMBBIX K PACTBOPEHHBIM B BOJIE XH-
MHUUYECKUM BellecTBaM: Oy Ta e HAKPUIOHUTPUIBHOTO U 9THJIEHIIPOITHIEHO-
BOTO Kay4yKa, (hTOpOTLIacTa...

HecmoTpst Ha criennaibHO MOATOTOBJIEHHOE 000PYI0BaHUE, K KAUeCTBY
BOJIbI IIPEBSABIISIOT BbICOKKME TPeOOBAHUS, 0COOEHHO, B COBPEMEHHBIX aBTO-
MaTHYECKW PEryJNPYEMBIX HHKEHEPHBIX CUCTEMaX 3/IaHusl. PeryampoBanue
W KOHTPOJIb MTAPAMETPOB BOJBI B HUX OCYIIECTBIISIOT OTBEPCTUSIMU W KaHa-
JlaMU BeCbMa MaJIbIX ITPOXOAHBIX cedeHnil. OT UX COCTOSTHUST 3aBUCHUT (-
(DEKTUBHOCTD PabOTHI CUCTEMBI B I[EJIOM U €€ 3JIEMEHTOB B YaCTHOCTH, I109TO-
MY KaueCTBO BOJIbI JI0JIZKHO OBITh HE HOPMAaTHBHO JEKIaPUPYEMbIM, & PEasIi-
30BaHHBIM Ha IpakTuke. OCcoOEHHO 9TO OTHOCUTCS K Hallel cTpaHe, rie
TOJIBKO HAUMHAETCS TIPOTIECC TIepexo/ia OT MOPAJIBHO U (DU3UIECKH yCTapeB-
IITUX CUCTEM K HOBBIM CHCTEMaM, a TAKKe OCYIIECTBISETCS MOTBITKA UX CO-
BMEIICHUS.

Haub6oJiee obbemionie 3apyoekHbie TPeOOBAHUS K BOJIE MHIKCHEPHBIX
cucrem 3panuii npeacrasienst B VDI 2035 [1; 2]. Ouu oTimvaioTest oT oTe-
yecTBeHHBIX. [0 oTedecTBeHHOI HOpMe [3] /17151 3aKPBITBIX M OTKPBITHIX CHC-
TEM TeIIOCHAOKEHHUST ¢ BAKYYMHOII ieaspaliieil Heo6X0IMMO MCIOJIhb30BaTh
Boy muTheByto 110 TOCT 2874-82, a ipy HAMMUnM TepMUYECKON /leaspartnu
B BaKPBITHIX CUCTEMAX JIOMYCKAETCsI TPUMEHEHNE TeEXHUIEeCKOI BOJIbl. Takoe
HOPMHUPOBAHHUE MO PSILY BasKHBIX MOKasaTeJiell 3a4acTyio He obecrednBaet
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JIOJIKHOM 3alIUThI CHCTEM OT KOPPO3uu [4], KoTopasi criocobCTByeT 3arpsis-
HeHuIo Terionocutesisa. Ho faxke 1mmpu BBICOKOM MCXOJTHOM KayecTBe TeIIo-
HOCHUTEJIS, B COBPEMEHHBIX CUCTEMAX TEIJIOHOCUTEN b HEOOXOANMO JIOTIONHHU-
TeJHbHO (DUIBTPOBATD OT 3aTPsAIHEHUH, TOMAJAIONINX TPU MOHTAXKE U 9KC-
rryaTauu o60pyaoBaHus.

CoBpeMEeHHBIM MUPOBBIM HAIIPABJIECHUEM HE3aBUCUMOTO MPUCOEINHE-
HUA K TEIJIOCETH ABJSETCS MPUMEHEHNE MECTHBIX (KBAPTUPHBIX, KOTE/IXK-
HBIX ) TEIJIOBBIX ITYHKTOB. TaKye TerioBble MyHKTHI HAUaJu IIPUMEHSTD YiKe
u B Ykpause. [Ipu ux ucob3oBaHuy HeOOXOAUMO YAETSITh BHUMAHUE J10-
GaBKaM K BOjle, CHUKAIOIMM TeMIlepaTypy ee kpucrauinsanuu. Haubon-
niee pacrpocTpaHeHue MOJIyYMJId KOMMepueckue aHTu(puU3bl Ha OCHOBE
ATUJICHTIMKOJIA U TIPOIMJIEHTIINKOJIA. VIMU 3alUITAI0T CUCTEMbI OTOTIIIEHUS
MEePUOANYECKOTO JIEHCTBUSA OT PAa3pylIeHns MyTeM TIPeIoTBpalleHus nepe-
X071 BOJIbI TIPU €€ OCTBIBAHUU U3 JKUIKOTO B TBEPJIOE arperaTHoe COCTOSHME.
Kpome Toro, UMEIOIMMUCS B COCTaBe aHTU(HPHU3A MHTMOUTOPAMU KOPPO3HH,
MPE/IOTBPAIIAIOT JIECTPYKIINIO BHYTPEHHUX TIOBEPXHOCTEH 2JIEMEHTOB 3THUX
CHCTEM BCJIEJCTBIE XUMUIECKUX JIUOO SJIEKTPOXUMHUYECKUX TIPOIECCOB MTPU
B3alMO/IEIICTBUU C BOIOMU.

Jlo6aBKU K BOJie BIMSIIOT HA THPABINYECKUE U TEIUIOTEXHUYECKHE Xa-
PaKTEPUCTUKU 0OOPYIOBAaHUST CHCTEMbl. MeHee CYIECTBEHHOe BO3Jeli-
CTBUE, 10 CPABHEHWIO C ATUJICHIJIMKOJIEM, OKa3blBAET IPOIMUICHIIIMKOJID.
[Tnornocts atunenraukonsd (C,HgO,) npu Temneparype 20 °C 1pesbiiact
MI0THOCTD BBl B 1,34 paza. Kunemarnueckast BstakocTh Bozib ¢ 50 % co-
JiepKaHueM ATUJICHIJIMKOJIS Bo3pacTaeT IpUMepHo B 4 paza. Koadduiiment
00BEMHOTO PACIIUPEHHST BOJOITUIECHIINKOIEBON CMECH YBEJIMYUBAETCS B
1,5...2 pasa. BesycioBHO, Takue cBOHCTBA aHTU(DPU3OB TIPUBOJAAT K HEOOXO-
JIMMOCTH KOPPEKTUPOBKY MOKazaTeiell paboToCIIocoOHOCTH cucteM [5].

Bausnue antudpusa Ha pacxosi BOAOINIMKOJIEBON cMecu Vg M*/4, B

KJIallaHaX OIPEeAEIAI0T 110 (I)OpMy.TIeI

100p

V,.=V =
g (IOO—Cg)p+Cgpg um Vg = KV, (1.1)

rie V — 00beMHBII PACX0Jl BObI, OIPEAEASEMbIil 110 TPadUKy TEXHIHUECKO-
ro omucanus kamana, M?/4; 100 — pasmepublii koadduiment; Cy — 06beM-
Has 107151 aHTU(DPHU3a B CMecH, %; P — TI0THOCTD Bozbl ipu 20 °C, mpuHmMa-
emas pasHoii 1000 kr/m? Py — mI0THOCTH aHTU(PU3A, KT/M%; K — KOPPEKTH-
pyfoimuii KoahGUIeHT.

[Ipu ucnob30BaHUM STUIEHTIUKONSA ¢ Py = 1338 kr/M? n nponuen-

raukons ¢ Py = 1036 kr/m? 3HaueHne KOPpPEKTHPYIOIIEro koahduinenTa
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npezcraBiero B Tabu. 1.1. CpaBHeHue 9TuX KO3(DPUIIUEHTOB yKa3bIBAET Ha
MperuMyIiecTBa MPOIUIEHTJINKOJIEeBOI CMeCH C BOJIOM.

Tabanua 1.1 Koppextupyiouumii Ko3¢hhuLMEHT BOAOIAMKOAEBOK CMeCH
Koppexrupyommnii O6bemuast gost rimkodst Cg, %
Koaurment K 0 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100

J1J1s1 5TUJIEHTTINKOJIS 1,000{0,983[0.968(0,953]0,939{0,925{0,9120,899|0,887(0,876|0,864
Jlnst mpontmenrikodist| 1,00010,998(0,9960,995]0,993(0,991(0,989(0,988 (0,986 0,984 {0,982

Ipumep 1.1. IIpu nepenade dasnenus AP = 30 xlla na pezyrupyrouwem xia-
nane MSV-F2 dy = 50 mm ¢ nacmpoiixoii 2 obsemmbwiii pacxod 600vi cocmasisiem
V = 9,50 3 /u. lIpumenenue cmecu 600ot ¢ 30 % codeprcanuem smuneHziuKo-
5L yMenviuaem o0veMnblil pacxoo na Kianare 0o

Vg = 0,953x9,50 = 9,055 /.

Ocoboro BHUMaHMS 3aCJayKUBAET obecriedeHre KauecTBa BOJbl B TPO-
1iecce 9KCIUIyaTallui CUCTEMBI TOPsTYero BojiocHabkeHus. B moceame ne-
CSATUJIETUST BBISIBJIEHO, YTO JIAHHASI CUCTEMA SIBJISIETCSI CO BPEMEHEM HCTOY-
HUKOM 3apaskeHus Jernonesnnamu. OTacHOCTb 3TOH TeHIEHIIMY BeCbMa 3Ha-
YUTEbHA, TIOCKOJIBKY MOCJAEJCTBUS JIJIsI YeJOBeKa MOTYT ObITh TParndHbl
[6]. B coBpemenHOIT 0TeueCTBEHHON TPAKTUKE TPOEKTUPOBAHUS CUCTEM TO-
psiuero BojgocHabKeHus aTa pobieMa He TOJBKO He PEIaeTcsi, HO MHOTA
naxe ycyrybasercs. Tax, IpOeKTUPOBAHUE CUCTEM TOPSAYETo BOJAOCHAOKe-
HUSI € UPKYJISIIIUEN BOJIBI IO I€HICTBIEM TOJIbKO IPABUTAIIMOHHOTO JIABJIe-
HUS HE MO3BOJISIET aBTOMATH3UPOBATH MPOTIecC Ae3uH(peKIn TpyOOIpoBo-
JIOB TIPH TIOMOIIE TEPMOPETYJISATOPOB HA IUPKYJISAIIMOHHBIX TPYOOIPOBO/IAX.
ITUMU TEPMOPETYJIATOPAMH, TOBCEMECTHO TPUMEHSIEMBIMHU 32 PYyOEKOM, 3a-
HIUIIAIOT CUCTEMBI OT JIETUOHEJLJIBL U [TOJIyYaioT 9KOHOMUYecKuii apdekT ot
PaIOHANILHOTO 0OeCcTIeYeH s IIUPKYJIAIMN BOJBI.

Kauecmeo mennonocumens siensiemcst ucxoouvim paxmopom sgppexmus-
1Ol Pabomocnoco6HOCMU A8MOMATUYECKO20 000PYI0BAHUSL.

IIpumenenue 600oziukonesvix cmecell mpedyem KOPPeKmuposKu auopas-
JUMECKUX U MEeNJI08bIX NOKA3aAmeeli CUCMeMbl OMONAEHUsl, PACCUUMAHHOU
0t menaonocumens 600vl. Bodonponuneneiuxonesas cmeco oxasviéaem
SHAUUMENLHO MEHLULCE GIULHUEC HA USMEHEHUE MEeNI0ZUOPACTUUCCKUX XA -
DAKMEPUCTIUK CUCTNEMDbL, YeM B000IMULCHZIUKOCEAS. CMECh.

Kauecmeo 600vL 6 cucmeme 20psuezo 6000cHaAONCEHUS. CO BPEMEHEM YXYO-
waemcsi, eciu NPOeKmHoO U IKCNAYAMAUUOHHO He obecneueno ee sgpex-
muenoe (mepmuyeckoe) obeszaparcusanie.
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2. MPUCOEAUHEHME ABOHEHTOB

Bb160p cxeMbl pucoeiuHeHst abOHEHTA K TEMJIOBON CeTH OCYIECTBIIS -
0T, TIPEXKJIE BCETO, TI0 TTapaMeTpaM TEeTJIOHOCUTEJISI Ha BBOJIE B 3/1aHME U Xa-
PaKTEPUCTUKAM BHYTPEHHUX cucTeM aboHeHTa. [TapaMeTpsl TeIJIOHOCHTE IS
Ha BBOJIE YKa3bIBAIOT TEIJIOCHAGKAOIIHE OpraHu3aini. TaKoOBBIME TTapaMe-
TPaMU SIBJISIFOTCS: JIaBJICHUE B TTOA0IIel 1 00paTHOI MarucTpasiy TeIJIOBOM
CeTH, CTaTHYeCKoe JaBJeHHUE, a TakKKe BO3MOJKHBINA AUANasoH KoJeOaHuUs
ITUX JIABJICHWH, pacUeTHBIN rpaduK TeMIepaTyp B CETH... XapaKTePUCTUKHU
BHYTPEHHUX CHCTEM MPUHUMAIOT [0 TPOEKTY JHOO0 110 pe3yJ/ibTaTaM HaTyp-
HBIX M3MEPEHU.

BecbMa skesaTebHbIM IPU BHIOOPE CXeMbl IPUCOeANHEHUS aO0HEeHTa
SIBJISIETCSI PACCMOTPEHME ee paboTOCTIOCOOHOCTH ¢ YUE€TOM TI€PCIEKTHBHBIX
TEH/IEHIINI U3MEHEHUsI TU/IPABINYECKOTO PEKMMA TETIIOBOM CETH, yUETOM
BO3MO’KHOI MOJIEPHU3AITNY BHYTPEHHUX CUCTEM... Tak, HarpuMep, yBeanye-
Hue noTpebuTeseil 1 II0BCEMeCTHOE IPUMEHEHKE COBPEMEHHDBIX CUCTEM OTO-
TIJIEHUS ¢ KOJTMYECTBEHHBIM PETYJIUPOBAHIEM COTIPOBOKIAETCS BO3PACTAHU-
eM KoJsiebaHusI IaBJIeHUsT B TEIIOCETH. DTO TPeOYET COOTBETCTBYIOIIEH TeX-
HUYECKOI 3amuThbl cucteM aboHeHTa. OCOGEHHO ¢ HeaBTOMATH3MPOBAHHbI-
MU y3JIaMU TTPUCOETNHEHUSI.

ITpeoGpasoBaHme XapaKTEPUCTHK TEIMJIOHOCUTEIS 10 TpeOyeMOii KOH/IU-
K B cUcTeMaxX abOHEHTa OCYIIECTBIISIIOT B TEILIOBBIX MyHKTaX. CoBpeMeH-
HBIE TIOIXO/IBI B 9HEProcOepekeHIH TPEOYIOT Pean3allii 9TUX 3aa4 HEelo-
CPEJCTBEHHO Y TOTPeOUTE ST B MHANBUAYAIBHBIX TEIJIOBBIX MyHKTaX. J{JIst
ATOTO HCMOJB3YIOT CIelnanibHOe 000pyA0BaHIe, YBA3aHHOE B (DYHKIHO-
HaJIbHbIe cxeMbl. Bo Bce MHOrooGpasue cxeM IMOJIOKEHbI 00IIIe TOAXO/IbI,
peanusyeMble /TSl TPUCOEMHEHNS CUCTEMBI OTOIIJICHUST KaK OTIEThHO, TaK
U COBMECTHO C CHCTEMOI rOpsTIero BOAOCHAOKEHMS U CUCTEMOM TeIIocHa0-
JKEHUST BEHTUJISIIIMOHHBIX YCTAaHOBOK.

2.1. MPNCOEAMHEHME CNCTEM OTOTNAEHWMA

CXeMbl TIPUCOETMHEHNSI CHCTEM OTOIJICHUST PA3EJSIOT Ha 3aBUCUMbBIE
6e3 cMelIeHUsT BO/Ibl, 3aBUCUMbIE CO CMENIEHUEM BOJIbl ¥ HE3aBUCUMBbIE.

3aBuCUMOe TIPUCOETMHEHIE, TIPU KOTOPOM TETIJIOHOCUTENTh M3 TETLI0Ce-
TH 6e3 CHUKEHU TeMIeparypsl (6e3 cMelleH s ) MoAaoT OTPeOUTeNO, sB-
JisieTcst Hanboutee IPOCTHIM U yA0OHBIM B 9KCIUTyaTanui. [IpUMeHsIoT ero
P COBMA/IEHUU TEMIIEPATYP TEIJIOHOCUTEJISI B CUCTEME OTOTJICHUS ¢, U B
cucreme TernocHabkenus Ty. Kak npasuiio, re npesbiiaiomux 95...105 °C.
Takoe TpUCOEANHEHNE 3aUaCTy0 PEATU3YIOT B CHCTEMaX TEeMJIoCHa0KeHUsT
OT TPYTIIOBOM KOTEJTHHON YCTAHOBKH, MPEIHA3HAYCHHON JIJIsT 3/IaHUIA TPOM-
OpeAnpUATHs OO0 HeOOIBIIOrO HACEJIEHHOTO MyHKTA.
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ITopasisiomee GOJBIIMHCTBO 34AHUN IMPUCOEIMHEHBI II0 3aBUCHMOMN
cXeMe €O CMeIeHUeM TeIJIOHOCUTE I 10 Temuepartypsl ¢, < Ty. Panee nis
CMeIeHUS BOJIbI YCTAHABIMBAIN BOJAOCTPYHHBIE HACOCHI (THAPO3JIEBATOPHI)
Heperysmpyembie (puc. 2.1,a) u peryaupyembie (puc. 2.1,0). Besencrsue ne-
paboTociocobHOCTU (TIEPEUYEPKHYTO CIUIONIHBIMU JIMHUSIMU ) TIEPBBIX U He-
addextuBHOCTH (TIEPEUEPKHYTO TTYHKTUPHBIMU JIMHUSIMU ) BTOPBIX B JIBYX-
TPyOHBIX CHUCTEMAX OTOILIEHUSI C TEPMOPETYJSATOPAME HMIMPOKOE PACIIPO-
CTpaHeHUE TTOJYYUIN CXEMbl C HACOCHBIM cMelieHreM Bojibl. OCHOBHBIMU
MPUYUHAMU HEBO3MOKHOCTH TPUMEHEHUS THUAPOIIEBATOPOB B JIBYXTPYO-
HBIX CHCTEMAX SIBJISIETCS] HECOBMECTUMOCTD TH/IPABIUYECKUX PEKUMOB 000-
PY/JIOBaHMS M HEJOCTATOUHOCTD HATOpa /s 9HeproaGdEeKTUBHOTO coveTa-
HUSI KJIAITAHOB (TEPMOPETYJISITOPOB Y OTOMUTENBHBIX TPUOOPOB U ABTOMATH-
4ecKUX GaTaHCHPOBOUHBIX KJIAIIAHOB Ha CTOSIKAX JIMO0 MPUOGOPHBIX BETKAX).
Tuzpoasesarop paboTaeT py MOCTOSTHHOM THPABINYECKOM PEKUME, a Tep-
MOPETYJISITOPBI B IBYXTPYOHOIT cCTEME CO3/IAI0T IePEMEHHBIN TUpaBInye-
ckuii pexxkum. TToatomy B [7] cieian BbIBOJL 0 Hedonycmumocmu npumene-
HUs 31e6amopa Ha aboHeHMCKoM 8800e, €I CUCTEMA OTOTIEHUs 000Dy -
JIOBaHa TEPMOCTATUUECKUMHU KJIallaHaM K. AHAJIOTHUHOE TpeOGoBaHKe MPe/b-
aBJieHo B [8], T/ie ykazaHo, 4TO IPU aBTOMATUUYECKOM PEryJIMPOBAHUN CUCTe-
MBI, €€ CJIeyeT IPUCOETUHATD K TEIJIOBOI CETH Yepe3 CMECUTEIbHBIN HACOC.
IT0 TpebOBaHKE COOTHOCAT HE TOJIBKO K JABYXTPYOHOH, HO U K OIHOTPYGHOIT
cucreme otorieHnst. OBYCIOBIEHO 9TO TeM, YTO B OAHOTPYOHOI cucTeMe ¢
TEPMOPETYJISITOPAMHE, KOTOPbIE 00s13aTeJIbHBI K YCTAHOBKE B COOTBETCTBUU C
[9], paGora rumpoaseBatopa Takke HeaddexkrusHa. [Ipu TakKOM coUeTAHUM
060py/I0BaHUS HEBO3MOKHO YCTPAHUTD KOJIeOaHW IaBJICHUS TEMIOHOCHUTE-
JIs1, co3zlaBaeMbie PabOTOl TepPMOPETYJIATOPOB. DTH KoJIeOGaHUst XOTh U B 3Ha-
YUTETHHO MEHbIIEH CTEMEeHH, 4eM B IBYXTPYOHOIT crucTeMe, BCe sKe TPUBOSAT
K TIepepacipeieleHuio TEeTJIOHOCUTE ST MEK/LY CTOSIKAMU TGO npuGOpHbI-
MU BETKaMU, CHUZKAsA 9HeproahekTuBHOCTD cucTeMbl. Jlyig yeTpaHnenus me-
PETOKOB TEIIOHOCUTEIST B OMHOTPYOHON CHCTEME OTOILIEHUsT COTJIACHO [9]
CJIe/lyeT IPUMEHATh aBTOMAaTUYeCKHe KallaHbl-orpannyuTesin pacxoza. Co-
YyeTaHUe 2JIeBaTOpa C TEPMOPETYISATOPAMU M KJIallaHaMU-OTPAHUYUTEIIMI
(peryssiTop pacxoja) JieJiaeT CUCTeMY OTOIIEHUs HepaboToCocOOHOM, Mo-
CKOJIBKY 2JIEBATOP HE B COCTOSHUU 00eCTednTh MUHUMAJIbHbIE TpebyeMble
MOTepH JIaBJIeHUS Ha peryJsaTope pacxoja (mpumepHo 20 klla).

HepnocratkoMm ruzmpoaseBaTopa SABISETCS TaKKe €ro BbICOKOE THU/PaB-
JIMYeCcKoe conpoTunieHre. HeobXoauMocTb TojiepsKaHus Tiepejil HUM 11o-
BBIIIIEHHOTO /IABJIEHUsI B TEIUIOCETH HE JIYYIIUM 00pPa30oM OTPaKaeTcst Ha
rePMETUYHOCTH YCTAPEBIIUX TPYOOIPOBOIOB 1 000PY0BAHHUS, UTO TIPUBO-
T K MOBbIIIeHHOM aBapuitnoctu. Tak, 90 % aBapuilHbIX OTKA30B IIPUXO-
IaTCa Ha nogamomue Tpybonposogst [10].
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Puc. 2.1. CmelieHne TenAOHOCUTEASt B TENAOBOM MyHKTE MPU 3aBUCUMOM
NpUcoeArHeHnn aboHeHTa:

a — HeperyApyembiM MMAPOIAEBATOPOM; O — peryAupyembiM rMAPOIAEBATO-
POM; B — PErYASITOPOM TEMAOBOIO MOTOKA MU HACOCOM Ha NePemblHKe; I — Ha-
COCOM Ha 0OPaTHOK MarucTpaAu 1 PEryAsTopoM TerAOBOIO MoToKa C TPex-
XOAOBbIM AMOO ABYXXOAOBBIM KAQrNaHOM; A — HACOCOM Ha MOAAIOLLEN Mark-
CTPaAM U PEryAsiTopoM TErnAOBOrO MOTOKa C TPEXXOAOBbIM AMOO ABYXXOAO-
BbIM KAQNaHoM
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BesycsioBHO, THAPO3IEBATOP UMEET PSl MOJOKUTEIBHBIX CBOMCTB, KO-
TOpBbIE BIOJIHE OB peain30BaHbl B cBoe BpeMsi. OIHAKO, OH HECOBMECTUM C
COBPEMEHHBIMU CUCTEMaMU OTOIIeHUS. PeaHuMupyemblii U Iporiaraniupy-
eMBIi B ITOcJIe/THee BpeMs METO/L PETyJIMPOBAHUS MTPOITYCKaMU TETJIOHOCHUTE-
151 (COJICHOMIHBIM KJIATIAHOM ) Yepes TUIPOoaieBaTop (C MOJIHBIM OTKJIIOUEHU-
eM IUPKYJISIUI ), KOTOPbIil paHee [0y CKAJICST JIUIITb JIJist HeOOJIBIITUX CUCTEM
oTotieHnst 6e3 PaUaTOPHBIX TEPMOPETYJIATOPOB MPH TONOKUTETLHBIX TEM-
repaTypax HapysKHOTO Bozmayxa [11], cerojus wHOr/AQ pacIpPOCTPAHSIOT Ha
BBICOTHBIE 3JIAHUST U BECh OTONUTENbHBIN 1tepuoy [12]. Peanusaius takoro
pEryJMpOBaHUs B COBPEMEHHBIX 3/IaHUAX CHUKAET dHEProaHeKTUBHOCTD
cucreM. [Ipy Kaxk0M 3aKPLITUM COJIEHOMTHOTO KJIallaHa pa3pyIiaeTcs IUi-
paBJIMUYeCKUiT GaTaHC CHCTEMBI OTOILIIEHHSI U TEILTIOBOI GalaHC 3/[aHNUS, yCTa-
HOBJIEHHBIE ABTOMATHYECKUME GAJTAHCUPOBOYHBIMU KJIallaHAMK Ha CTOSKAX
00 TPUOOPHBIX BETKAX U TEPMOPETYJISITOPAMU Y OTOTIUTEIBHBIX TPUOOPOB.
Kaskplii pas 1mpy ouepesiHoM OTKPBITHE COJIEHOUHOTO KJIallaHa HeOOXO/u-
MO TPATUTh BPEMSI M SHEPTUIO Ha BOCCTAHOBJIEHHE 3THX OATIAHCOB.

Kax nipesicrasiieno B uccsienoBanusix [12], mpu HapyKHOI TeMIiepaType
Bosayxa +15 °C gaem 1 +10 °C HOUBIO HCIOJNB30BAaHNE COJEHOUTHOTO KJla-
[aHa ¢ 9JeBaTOPOM MIPUBOUT K MOTPEGJIEHUIO TEIJIOBON 9HEPIUU Ha OTO-
ieHue, paBHoMy 37 % B CpaBHEHHU C OTCYTCTBUEM PEryJIUPOBAHU, T. €.
obecIieunBaeTcsi, Tak Ha3blBaeMast, S)KOHOMUSI TEILIOBOI sHepruu Ha 63 %. B
TO JKe BpeMs, ITPU TAaKUX TeMIIepaTypPHbBIX YCIOBUSIX HAPYKHOTO BO3/LyXa, pe-
3yJIbTaTOM PabOThl OOUIENPUHATOTO B MUPOBOM MTPAKTHKE TEXHUUECKOTO pe-
meHus (MO3UIMOHHBINA PEryJSATOP CO CMECUTETbHO-TTUPKYJIAITMOHHBIM Ha-
cocom) siByistercst ipumepro 100 % asxoHoMust TerioBoil anepruu. B atom
cJIydae TOJTHOCTBIO MCIOJIb30BAHbl BHYTPEHHUE W BHEITHUE TETJIONPUTOKU
snanus. Takum 06pasoM, peryanpoBaHie TIPOTYCKAMU € TIO3UIIHOHHBIM pe-
TYJUPOBAHUEM HE MMeeT IPEUMYIIECTB B 9KOHOMUHU aHepropecypcoB. Kpo-
M€ TOTO, COJICHOMIHBIN KJIANAH CO3/[aeT CKAYKK JIABJICHUS TEILIOHOCUTEJS
KaK B TEIJIOCETH, TaK U B CUCTEME OTOIIeHUSA. YeM BBIIe peryaupyeMbii
PACXOJl TEIJIOHOCUTEJIST, TEM BBIIIE 3TU CKAYKH U T€M MaryOHee MocJiel-
crBus. Jlaxe ycraHaBiIMBaeMble PEryJATOPBI Tiepernaja JaBjaeHns Ha abo-
HEHTCKUX BBOJIAX COCEJHUX 3/IaHUI U Ha CTOSIKAX JMOO MPUOGOPHBIX BETKAX
CHCTEMBI OTOIJIEHUSI HE CIOCOOHDI CIUIaKUBATh PE3KUE CKAUKU JIaBJICHUS
BCJIE/ICTBUE WHEPIMOHHOCTH TIePe/ladi UMITYJIbCOB JIaBJIEHUs B MeMOpaH-
HbIe KOPOOKH HTUX PEryJIsSTOPOB.

CosieHOMIHBIN KJIallaH He PEryJupyeT Pacxojl, a NepeKpbhIBaeT MOTOK.
Cornacno knaccudukanuu B [14; 57| coseHOUAHDII KIaan OTHOCAT K 3a-
opHoii apmarype. II0CKOIbKY 3amopHOil apMaTypoil sSBJIsIeTcsa TpyOOoIpo-
BOJIHAS apMaTypa, IpeIHasHaYeHHas IS TIePEKPBITHs TI0TOKa paboyeii cpe-
mbl. Peryaupyioiieil apMaTypoil siBjisieTcst TPyOOIIPOBOJHAST apMarypa,
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npe/IHA3HAYECHHAS JIJI PETYIMPOBaHKS TTapaMeTpoB paboueii cpeibl mocpe-
CTBOM M3MeHeHUs ee pacxoja. [oaromy B 1. 7.11 [3] He momyckaetcs npu-
HUMAaTh 3allOPHYIO apMaTypy B KauecTBe perysupyioiieil. ITo TpeboBaHue
OTHOCHUTCS K COJIEHOMHBIM KJIATIAHAM KaK B COYETAHUU C TH[POdJIEBATOPA-
MU, TaK U C HACOCAMHU.

Ocobyio rpyiiny ycTpoiicTs Ha abOHEHTCKOM BBOJIE IPEICTABJIAIOT PEry-
spyembie Tuzpoasieatopst (puc. 2.1,6). C rupaBinueckKoil TOYKYM 3peHust
U COBPEMEHHOTO TEXHUYECKOTO OCHAIIEHSI CUCTEM OTOILIEHUS 3JaHUi, OHU
UMEIOT Te Ke HeNOCTATKH, YTO U HeperyJjaupyembie. VX mnprMeHenue Kak B
HOBOM CTPOUTEJIbCTBE, TAK U MPU PEKOHCTPYKIIMU He MMEET I1ePCIIEeKTUBBI,
MOCKOJIbKY COTJIACHO ITPABUTEIbCTBEHHO ITPOTPAMMBI [TOITAITHOTO OCHAIIIE-
HUSI CUCTEM OTOIIEHUSI CPECTBAMU PEryJUPOBAHUS TEIJIOBOI dHEPTruu
[13] Bce cucTeMbl OTOTIEHUS OJKHBI OBITH ¢ TEPMOPETYJIATOPAMHE, a UX Pa-
6oTta HecoOBMeCTUMA ¢ TUpodieBatopamu. [10aTOMY, YCTAHOBUB THIPOdJIe-
BATOP CETO/IHSA, €r0 HeOOXOAUMO OY/IET 3aMEHUTh CMECUTETbHO-T[UPKYJIATIH-
OHHBIM HaCOCOM 3aBTpA.

Hacoc B cxeme tipucoeinenst aboHEHTa TI03BOJISIET TPUMEHUTH Hanbo-
Jiee aHeprocOHeperarle aBTOMATU3UPOBAHHBIE PEIICHIST TI0 PETYIUPOBAHIIO
cruicteM abOHEHTA, YUUTHIBASI OTOHBIE (DAKTOPBI 10 JATUUKY TEMIEPATYPbI
HAPYKHOTO BO3/YXa, TEIJIOBbIE XaPAKTEPUCTUKH 3AAHIS U TEILIOTH/PABIMYe-
CKHe XapakTepucTuku cucreM. IlogBisiercs BO3MOKHOCTD HE TOJBKO KayecT-
BEHHOTO, HO M KauyeCTBEHHO-KOJIUYECTBEHHOTO PETYJIMPOBAHUS CUCTEMbI
OTOTIEHUST TPAKTUYECKU B JIOOOM JAMalia3oHe, YYUTHIBAsT CHEupUKy
TEIJIOBOTrO PeXKUMa 3[aHWs U [MOMEIIeHUs IIPU OJHOBPEMEHHOM COKpaIile-
HUK TOTPEBISIEMOTO TEMTIOHOCUTEIS.

[IpuHIMnMaIbHBIE CXEMBI BKJIIOUYEHMS HACOCOB IMOKa3aHbl Ha puc. 2.1.
Baiarojapst mosiBieHUI0 MasIOIyMHBIX GechyHIaMEeHTHBIX CTYNEeHYaTo Jubo
ABTOMATUYECKH PEryJUPYeMbIX HACOCOB ATU CXEMbI IIOBCEMECTHO BBITECHSIOT
CXeMbI ¢ rujipoasieBatopaMu. Hacochl, 3a cueT YHUBEPCATLHOCTH U THOKOCTH
YIIpABJIEHUSI, TIO3BOJISTIOT PEIIATh JI00ObIE 3a/[a4l PEryJIHPOBAHIS CHCTEM ab0-
HeHTa. COOTBETCTBEHHO TIOJ] HTHU 33/[a4K BHIOMPAIOT MECTO YCTAHOBKH HACOCA.

Hacoc pacriosiaraior Ha rnepemMbiuke MeK/Ly TOJAIONMM U 0OPaTHBIM TPY-
GomposozoM (puc. 2.1,B) npu gaBaeHnu B TPyOOIIPOBOAAX TEILIOCETU HA BBO-
Jie, IPEBBIIIAIOIIEM CTATUYECKOE [IaBJIeHIe B CHICTEMe OTOILIEHUS] He MEHee YeM
Ha 0,05...0,1 MIIa, Ho He Gojiee DOMYCTUMOrO s Hee Ipenena. Takas cxema
cunrtaercsi HanboJiee SKOHOMUYHON, TaK KaK 4epe3 MEePEeMBIYKY MPOXOIUT
MEHBIIUI PacXoi BOABI, 4eM B Tiojiatolem Ju6o obparaom tpydornposoje. Ciie-
JIOBATEJIbHO, TIPUMEHSIETCST MEHBIIII HACOC ¥ MEHBIIIE MOTPEOJISIETCST STIEKTPO-
sreprur. OHAKO [IPU TAKOM PACIIOJIOKEHUN HACOCA HA PabOTy CHCTEMbBI OTO-
TUICHUS BIUAIOT KOJIeGAHUs IaBJIEHNS B TEIJIOCETH. Y CTPAHSIOT 9TH KoJsieba-
HUIST JIOTIOJTHUTEIbHBIM PETYJIUPYIONMM KJIAMAaHOM CTa0MIN3AIUN PACX0/Ia B
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KOHTYPE CUCTEMBI OTOTJIEHUSI C MOCTOSTHHBIM THAPABIMYECKUM PEKUMOM.
Ho, naske B aTOM cirydae, Ha KOHIIEBBIX YYaCTKAX TEIJIOCETH, T/l 3a9aCTyT0
MIPUCYTCTBYIOT MaJjible ¥ HecTaOWIbHBIE TIepenajibl JaBJIeHUs, He YCTpaHs-
eTCsT BEPOSITHOCTD HEOTIONYYEHMsI HEOOXOMMOT0 KOJIMYECTBA CETEBOI BOJIBI
y morpeburesst. Kpome Toro, pacxoj Ha epeMbluKe H3MEHSIETCST B 3aBUCH-
MOCTH OT PabOThI PEryJsiTopa TEIJIOBOTO MOTOKA, YTO TpebyeT MpUMEHEHe
Hacoca ¢ peryJupyemoii yactortoii Bparienus. [loatomy nannas cxema He pe-
KOMEHJIyeTcsl K TpUMeHEHMIO (TlepedepKHyTa IyHKTUPHBIMU JIMHUSIME ). Y Ka-
3aHHBIE HEOCTATKU UCKJIFOUAOTCS ITPU YCTAaHOBKE Hacoca Ha MoalieM Jubo
o6paTHOM TPYGOIPOBOJIE, TIE AOCTUTaeMast HaJle’KHOCTh CUCTEMBI TPEBAIUPY-
eT HaJl He3HAYNTETbHBIM YBEJTMYEHUEM MOIITHOCTH HACcOCa.

Haubosiee npruMeHsieMble CXeMbl CMEIIeHHUsT TEILIIOHOCUTEIS TIOKA3aHbl Ha
puc. 2.1,r u 2.1,1. Heobxoanmast TeMiiepaTypa TeIJIOHOCUTEISE B CHCTEME OTO-
MJICHUsI yCTAaHABJINUBAETCS 3JIEKTPOHHBIM peryisitopom ECL 1o 3amannomy
TeMIepaTypHOMY rpaduKy 1yTeM BO3AEHCTBUS Ha TPEXXOAOBOU JMOO ABYX-
XOIOBOH KJlamaH peryssitopa TeruioBoro motoka (PT). Yame ncmosnb3yior
JIBYXXOJIOBOM KJIallaH BCJIEACTBHUE JIydlero obecredeHust TpeGyeMoro pacxo-
Jla TEIJIOHOCUTEJISI B CHUCTEMe OTOILIEHHsI ¢ HeOOXOAMMON TeMIepaTypoi.
TpexxoM0BOi CMEITMBAIONINN KJanaH BBIOUPAOT MO OOJIBIIEMY 3HAYCHUIO
MIPOITYCKHOI CIIOCOOHOCTH 13 PE3YJIbTATOB PaciyeTa Ha BXOJIe U Ha BBIXOJIE, M0-
CKOJIbKY Pa3JIMYHBI TEMIIEPATYPBI TETLIIOHOCUTES, &, CIE0BATETHHO, Pa3JIy-
HBI U PACXO/IBI TEMIJIOHOCUTEJISI TIPU PABEHCTBE TIEPEHOCUMOI TETJIOBOH 9HEp-
run. TIpu neHTpasn30BaHHOM TEIIOCHAOKEHNHN KJIAllaH BEIOMPAIOT 0 Pacxo-
Jy B CHCTEMe OTOIICHHUS. Pe3yibTaToM TakoTo BEIOOpA CMECUTETBHOTO TPEX-
XOJIOBOTO KJIANIaHA SIBJISIETCS HEY/IOBJIETBOPUTEIbHASI MX paboTa 1Mo CTOPOHE
TEIJIOCETH. Y CTPAHSIOT ATOT HEJOCTATOK MPUMEHEHNEM TPEXXOZI0BOTO Pasie-
JIATEJIBHOTO KJIanaHa Ha oOpatHoM TpyGorposoze. Ho B ToM 1 B Apyrom ciiy-
YasgX MPU HEMPaBUJIBHOM OGECIIeUeHUH BHENIHUX aBTOPUTETOB KJallaHa 1o
0601UM KOHTYpaM IUPKYJISAIIN TEMJIOHOCUTEST MOT'YT 0OPa3OBbIBaThCsI 3HA-
qnTeJbHBIC OTKJOHEHHS oT Tpebyemoro pacxoma (moapobuee cM. 1. 6.1.4),
YXY/IIAONe TMHEHHOCTD PEryJIMPOBAHUS TEMIIEPATYPBI TEIITIOHOCUTEJIS.

SHAUUTEIHHO JIYUITUX PE3YJIbTATOB PErYJIUPOBAHUS JOCTUTAIOT TIPU UC-
MOJIb30BAHWH JIBYXXOJIOBOTO PETYJISITOPA TEIJIOBOTO MoTOKa. ET0o pacrosaraor
6o Ha TozratoreM, Jubo Ha oOpaTHOM TPYOOIPOBOE. 3aYacTyro PEryJIsiTop
TEIJIOBOTO MIOTOKA PACIIOJIArakOT Ha TOM 7Ke TPYOOIIPOBOJIE, YTO U CMECUTEIIbHBIN
Hacoc. TIpu BBICOKOI TeMIepaType TeIIOHOCUTE)IsI B TIOIAroIeM TPyOoIpoBoie
riepe]] KJIalaHoM MTPEANOYTUTETbHBIM PasMelieHeM KJIalaHa siBJIseTcst oopar-
HbIi TpybonpoBo. Kinanan paGotaet B 6oJiee O1aronpusiTHBIX YCIOBHSIX.

Jlist ipeo1oieHust COTPOTUBIICHUSI CUCTEMBI OTOTITICHUS, TTPW PA3HOIA
COTIOCTaBUMOCTHU C TEPENaJioM JaBJeHUs B TEIJOCETU yCTaHABJIMBAIOT
Hacochl 10 cxeMaM Ha puc. 2.1,r u 2.1,1. DTuM gocTuraior Heo6X0 MO
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JIOMOJIHUTETBHON pasHocTH AasieHust. Hacoc Ha moparoreM Tpy6GonpoBoe
MOCJIe TTOJIMENTMBAONIEN TTePEMBIYKH YCTaHABIMBAIOT MIPH CTATUIECKOM J[aB-
JIEHUH CHCTEMbI, PABHOM JIOO TIPEBBIIIAOIIEM JaBJICHUE B TTOAA0IIEM TPybO-
[IPOBOJIE TEIIOBOI CETH, a TAKIKe TIPH HEOOXOAMMOCTH YBEJIMYEHHUS PAacioia-
raeMoro JIaBJIE€HUs JJIsl CUCTeMbl. B TocsiesiHeM ciiydae HAcOC BBITIOJTHSIET
CMECUTETBHO-TIIUPKYJISIIUOHHYTO U OBBICUTENbHYIO (DyHKITNN. OHAKO, cre-
JIyeT UMETh BBULY, 4TO Takue (YHKIMU ObIIIN MPUCYII HACOCY B CHCTEME OTO-
wieHust 6e3 peryJsiTopa TemIoBoro moroka. [loaTomMy panee pu HeoOXOIM-
MOCTH TIOBBIIIIEHUS JABJICHUS TOAOMPAN HACOC 110 PA3HOCTU MEKIY MOTe-
pell IaBJieHus B cHCTEME OTOIIIEHUS U TIePeTa/loM JIaBJIeHUsT Ha BBOJIE TEILIIO-
CeTH, a TaKXKe PacXo/y TEIJIOHOCUTENS B CUCTeMe OTOoIIeHus. B coBpemen-
HOIl cHCTeMe ¢ TaKUM DETYJISITOPOM TMPEAIOJIaraeTcsl, YTo OH MOKET ObITh
HOJTHOCTBIO 3aKPBIT. Tora Hamop Hacoca Oy/IeT U3IUIITHIM /I 00ecTieueHUsT
TpebyeMoil IMPKYJIAINA. TeXHUYECKUM PEIIEHIEM B 3TOM CJIydae sBJISeTCs
YCTAHOBKA JIBYX HACOCOB: OJIUH JIJISI BBITIOJHEHWS TIOBBICUTEIBHOM (DYHKIINH,
BTOPOIf — CMECUTETTHHO-IIUPKYJISIITUOHHOT.

Jlist oObIX (QYHKIMINA, BO3JTaraeéMbIX Ha HACOC, U CXEM €0 PacIioyoskKe-
HUS He0OX0ANMO 00ecednBaTh rnepej HUM J0CTaTOYHOE N30bITOYHOE JaBJie-
HIE B COOTBETCTBUM C KaBUTAITMOHHON XapakTepucTukoil NPSH (cm. 1. 6.11.2).
HekoTopbiM TIpeouTeHNEM, ¢ 9TOH TOUYKHU 3PEHUS SIBJISIETCS pa3MelleHue
Hacoca Ha 0O0paTHOM TPyOOIIPOBOJIE.

PacriosioskeHre Hacoca Ha oGpaTHOM JIMOO Ha HOAOIIEM TPYOOIIPOBOIE
uMeeT CBOI apryMeHTario. OGbIYHO 9TO 3aBHCHUT OT IPEANIOUTEHUI TPOEKTH-
POBIIMKOB M 9KCIIIyaTallMOHHUKOB. PazMmelieHneM Hacoca Ha TIO/IAIoTeM TPy-
GOIPOBOJIE YMEHBIIIAIOT, HAITPUMED, BEPOSTHOCTD 3aCOPEHUS TPU 3alIOJTHEHIN
1 9KCILTyaTal[il CUCTEMbI OTOTIJIEHHUS. B TO Ke BpeMst, Tpy TIPONalaHiN dJIeK-
TPOIHEPIMM B HACOC TOTAJAET BBICOKOTEMIIEPATYPHBIN TETIOHOCUTENH 32
CUeT He3HAYNTETHHOM IIUPKYJISIINN Ye€Pe3 HeTO MOJI PA3HOCTbIO IaBJIeHUH B TIO-
JaforeM 1 06paTHOM TPYOOIIPOBO/IE TEIJIOCETH, TOCKOJIBKY HE BCET/IA BBITIOJI-
HstroTCst pekoMeHaanuu [11] o HeoOGXOAMMOCTH OTCEUEHUS MECTHOU CHCTEMbI
OTOILJIEHHSI B TAKUX CUTYaIsIX. TIpu paciiosioskeHnn Hacoca Ha 0OpaTHOM Tpy-
GOIPOBOJIE, YCTPAHSIOT BJIMSIHIE TIOBBIIIEHHOTO JaBJIeHNs B 0OPaTHON Maruc-
TPaJIM TEIJIOCETH, YacTO Hab/I0IaeMOe B KOHIIEBBIX yYacTKaX TEIIOCETH, U CO-
31a10T OoJiee GJIArONPUATHBIE TeMIIepaTyPHbIE YCIOBHUS JIJIs €10 PaboThL.

IMHU30MIECKUE OTKITIOUEHISI DIEKTPOIHEPIUH TPEOYIOT MPOTHO3MPOBAH-
HOTo oOecieyeHrsl MOBEJEHUsI CUCTEMbI MECTHBIX CUCTEM U pa3paboTKU Mep
3alUTHI OT TAaryOHBIX TocseAcTBIN. C 9TOi 1IeIbI0 Ha MOAMEITBAOIIEi mepe-
MBIUKE yCTAaHABJIMBAOT OOPATHBIN KJallaH, MPeAOTBPAIIAOIIINA MOMaJaHue
TEIIOHOCUTEJIST U3 TIOJIAIOIIEro B 0OpaTHbIil TpybonpoBoj Teroceri. Kpome
TOTO, YYUTHIBAIOT MPOITYCK TEMJIOHOCHUTEIS Yepe3 obecToueHHbII Hacoc. TTpo-
MyCKaeMbIil PAcXoJl 3aBUCHUT OT ATOTO TIepera/ia u OT COMPOTUBJIEHUST CHCTEMBI
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oTorieHust. J[ByXTpyGHbIe CHCTEMbI OTOILIEHNST, Mest GOJIbINee THAPaBInIec-
KO€ CONPOTHUBJIEHUE, YeM OJHOTPYOHbIE, HaJle)kHee B Takux curyarusx. OHu
MIPOIYCKAIOT MEHbINH pacxo terionocuresist. Opuentuposouto — 10..20 %
OT PacyeTHOTO 3HAYEHMs], HO U 9TOTO MOYKET OKA3aThCsl YPe3MEPHO MHOTO JIJist
TEMITEPATYPHOTO YJTHHEHUsT TPYOOIIPOBO/IOB, AECTPYKIIMK YILIOTHUTEIBHBIX
MaTEpPHAJIOB U T. T. TP 3HAYUTETHHOM TPEBBIIIEHUN TEMIIEPATYPHI TENJIOHO-
CUTEJISI B TETIOCETU HAJl PACYETHON TEMITEPATy POl TETJIOHOCUTENSI B CUCTEME
oromieHust. IToaromy ob1M TpebOBaHUEM SIBJISICTCST HEOOXOAMMOCTD TIPELy-
CMOTPEHHSI 3alIUThl MECTHBIX CUCTEM OT aBaPUIHOTO MTOBBIIIEHUsI TAPaMETPOB
TeroHocuTesist [3; 11], Hanpumep, TpUMEHeHWeM peryJisiTopa TeTJIOBOTO T0-
TOKA, 3aKPBIBAIOIIETOCST TIPU TIPOIAIAHIH JIEKTPUYECTBA.

[ToHOE OTCEYeHME CHCTEMbI OTOIJIEHHMS] COBPEMEHHBIX 3[IaHUH, NMEI0-

UX GOJIBIIYO TETJIOBYIO HHEPIIHIO, HE TIPUBOJINT K €€ 3aMOPasKUBAHUIO B Te-

g s YeHne HeCKOMbKUX AHel. Bosee Hesa-

MUIIEHHBIME SIBJISTIOTCSI CUCTEMBI OTO-

‘%]7 TIJIEHUST MAJIOMHEPITUOHHBIX W HEYTeTI-

sernbIx 3gannii. [loatomy, HecmoT-

ps Ha sanpemaioue TpeboBaHUS

m. 11.15 [3], unoraa aenaor 06BOJ-

—— — HOH TpyGONPOBO BOKPYI Hacoca C

a 6 YCTaHOBKOI 00OpaTHOro  KJjamaHa

Puc. 2.2. Obecneyenue pabotocno- (puc. 2.2,am puc. 2.2,6) [15]. Bosneii-

COBHOCTU CUCTEMBI OTonAe- CTBUE TIEpenajia IaBJIeHus, Pa3BUBa-

HUSl PH 0GECTOUEHHDIX Ha- EMOTO HACOCOM, JIEDIKHUT KlallaH B

cocax 3aKpbITOM cocTosguun. IIpu obecto-

YEeHHOM Hacoce TI0J] TPOTUBOTIOJIOXK-

HO HallpaBJieHHOU (OTHOCHTEIBHO HAacoca) PasHOCThIO JaBJieHUsI B TPYOO-

[IPOBOJIaX TEILIOCETU OTKPbIBAETCS OOPATHBII KjalnaH ¥ MONajaeT TeIio-
HOCUTEJTh B CUCTEMY OTOIJICHUS.

Ocoboro noaxoza B obecriedeHnd paboTOCOCOOHOCTH TPEOYIOT MHIKE-
HEPHbBIE CHCTEMBI BBICOTHBIX 3/[aHUI U 3/aHUI, PACIIOJIOKEHHBIX HAa BO3BbI-
[IeHHOCTH. PaHee MpUMEHSIN CXeMY ¢ HACOCOM Ha MOJAIeM TpyOonpoBoie
1 HaJIeJISUIA €ro TP HeoOXOAMMOCTH MOBBICUTEIbHON (yHKImed. CeroaHs
[IPEMMYIIECTBEHHBIM CITOCOOOM SIBJISIETCSI HE3aBUCHMOE TMOJKJII0UYEHIe abo-
HEHTA, THIPABJINYECKN OTCOSIUHSIONIEE CUCTEMY OTOTIJICHHS OT TEIJIOCETH 1
MUHUMU3UPYIOIEe aBapuiiHble cuTyalni. BaprmaHToM aGOHEHTCKOTO BBOJA
ABJISIETCS KOMOMHUPOBAHHOE MOKIIOYEHIE CUCTEMbI OTOILJIEHUS K TEILIOCe-
Th. Ero mpuMeHsIIoT 1pu 30HUPOBAHUK CHCTEMbBI OTOILJIEHHS] BBICOTHOTO 371a-
Hust. HUKHIOIO 30HY TIOAKTIOYAIOT TI0 3aBUCUMOI CXeMe CO CMENIMBAHUEM, a
BEPXHIOI0 — 10 He3aBUCUMOU. BapranTom KOMOMHUPOBAHHOTO MOKIIOYEHKS
SIBJISIETCST TIPUMEHEHNE HE3aBUCUMOTO TIOKJIIOUEHHUsI BCEX 30H CHCTEMbI OTOII-
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JICHUS BBICOTHOTO JKVJIOTO 3JIaHUST U 3aBUCUMOTO TIOIKITIOYEHUST BCTPOEHHOTO
WJIN TIPUCTPOEHHOTOo Tapaxa [ 16].

HesaBucumoe npucoefiiHeHNe CUCTEMbBI OTOTLIEHUS TTPUMEHSIOT JIJIsT
CO3/IaHUSI MECTHOTO TETIOTH/IPABINYECKOTO pexkuma nipu ¢, < Tq. Tuapas-
JITYECKOE PasieIEHNE TEIJIOCETH OT CUCTEMbI OTOTIJICHWSI OCYIIECTBIISIOT TI0-
BEPXHOCTHBIM TEIJIOOOMEHHUKOM. [IPMHUMAIOT TaKoe PellieHne pU TPEBbI-
MIEHUU JIaBJIEHUST B TETIOCETH HAJl JIOTYCTUMBIM JaBJICHUEM JIJIST CUCTEMBI
oToIIeH st TG0 HA00OPOT — KOTJIA CTATHUYECKOE JIaBJIEHIE CUCTEeMbI TIPEBbI-
IaeT JOIYCTUMBIN TIpeiest s Ternocetd. Kpome Toro, B 000CHOBAHUH BbI-
6opa HE3aBUCKMOTO MPUCOCAMHEHNST BCE Yallle CTAHOBSITCS 9KCILTyaTal[HOH-
Hble TpeGoBaHMsI PAbOTOCIIOCOGHOCTH COBPEMEHHBIX CHUCTEM OTOIJICHHUS.
YcnoBus 9KCIIIyaTaliii HACOCOB, TTOKBAPTUPHBIX PACXOIOMEPOB, aBTOMa-
TUYECKUX PETYISITOPOB TEMJIOTHIPABINIECKIX TTAPAMETPOB TETLIIOHOCUTEJIS,
TEPMOPErYJIATOPOB, INTAMIIOBAHHBIX CTAJBHBIX PaMaTOPOB... B GOJIBIINH-
cTBe cBOeM TPeOYIOT MPUMEHEHUsT KaueCTBEHHOTO TerioHocuTe s, Hampu-
Mep, 6e3 TBepbIX IpUMeceii, 6e3 CITycKa BOJbI U3 CUCTEMbI B TEILIbIHA TTePUOJL
roza... ObecreunTh TakKue YCJIOBIS BO3MOKHO JIMIITh [IPU HE3ABUCUMOM TTO/I-
KJIIOYEHUH K TETJIOCETH.

[IpermytiecTBOM HE3aBUCUMOTO TOJKJIIOUEHUST SIBJISETCS TaKKe TOT
(bakT, yTO cEcTEMa OTOTJIEHUSI B 3HAYMTEIHHO MEHBIIIEH Mepe MoJBEpsKeHa
BJIMSTHUIO M3MEHEHUS TH[PABJINIECKOTO PEKUMA TEIJIOCETH CO BPEMEHEM U
MEHbIIIe caMa BJIMsieT Ha TermioceTb. HesaBucuMoe MOAKIIOUYEHIE CIIOC00-
CTBYET YMEHBIIEHUIO 00beMa TEIJIOHOCUTEJISI B TEILIOCETH, 2 3HAYKUT CHUIKE-
HUIO 3aTpaT Ha BOAOMOATOTOBKY. Oco00 BasKHBIM SIBJISIETCS YMEHBIIIEHHE
WHEPIIMOHHOCTU TETJIOCETH, YTO B UTOTE MPUBOJUT K YIYUIICHUIO KAuecTBa
MPEOCTABASIEMON YCIYTH TIO OTOTIEHUIO 3/IaHUI 32 CUET CBOEBPEMEHHOTO
pearupoBaHUs IEHTPAIBHOTO KAUeCTBEHHOTO PErYJINPOBAHUS HA M3MEHEHNE
MOTOAHBIX yCaoBUiA. [109TOMY He3aBUCHMOE TIOAKIIOYEHNE SIBJISICTCS TIPe-
MOYTUTETHHBIM 1 IEPCIEKTUBHBIM TEXHUUECKUM PEIIEHUEM.

HaubGoJibiiiee pacrpocTpaHeHue MOJTYYUIN CXeMbl HE3aBUCHUMOTO TI0]1-
KJIIOUEHUsT ¢ OfHUM TerroobMeHHrKoM (puc. 2.3,a u 2.3,6). TIpuemmeMbiM
BapUAHTOM SIBJISIETCSI ITPOEKTHOE PellleHHe ¢ MPUMeHEeHneM Hepa3GopHOTo
termooOMerHnKa, CUMTAETCs, YTO BOJA B TEIJIOCETH U CHCTEME OTOIJICHUST
[POIILIa ClelHaIbHy0 00paboTKy OT HHTEHCHBHOTO 0Opa3soBaHUsST HAKUITU B
termooOMeHHUKe. JIydil BApHAHT ¢ 9KCIUTyaTallMOHHON TOUKH 3PEHUsST —
npUMeHeHre Pa3bopHOTO TerIooOMeHHUKAa. B o6oux ciydasx ciemyer
[peLyCcMaTpUBaTh 3allOPHYI0 apMaTypy Il OTKJIIOUEHUsT TEIIT00OMEHHM-
KOB: IIAPOBBIE KPAHBI, TIOBOPOTHbBIE 3aCJHOHKH, 3a/IBMKKH. OIHAKO CJeyeT
UMETh BBU/LY, YTO MHOTHE aBTOMATHYECKIE PETYJISITOPBI BBITTOJTHEHBI MHOTO-
bynkmmonanbabiMu. OHE MOTYT MMeTb 3alopHyio (hyHKIH0. B aTOM ciry-
yae 3al0pHbIN KJanaH, Harnpumep, Ha puc. 2.3, uzobpaskeHuniii psgom ¢ PT,
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Puc. 2.3. HezaBucrmoe npmucoeAmHeHne CUCTeMbl OTOMAEHMA

He yCTaHaBJIMBAIOT. DTO YIPOIIAET cXeMy. Y 100Ha IPU SKCIITyaTallii TaKKe
3aIOPHO-PETYIUPYIOIIAT apMaTypa CO BCTPOCHHBIMU JIPEHAKHBIMU KPAHAMH.
BsanMmHoOe pacrosioskeHre Hacoca W TeIJIOOOMEHHIKA He NMeeT 0co6oro
sHauyeHst. CoBpeMeHHbIe HACOChI CIIOCOGHBI a(h(MEKTUBHO paboTaTh Kak Ha M0-
JIatoleM, Tak 1 Ha oopatHOM TpyborpoBoje. OMHAKO Y KasK0TO pasMelieHusT
ecTh He3HAYMTEJIbHbIE IPEHMYIIECTBA, KOTOPBIMH, KaK MPaBIJIO, IpeHeOpera-
tor. Hacoc Ha o6paTHOM TpyOOITPOBOJIE UMEET HECKOJIBKO OOJIBIIIN KaBUTaIlU-
OHHBIN 3arac W JIy4dIuil TEMJI00TBO/] OT JABUTATESI C MOKPBIM POTOPOM. B To
JKe BPeMsT OH TIePEKaYNBAECT TEILIOHOCUTEID ¢ GOJIBIIIEH IIIOTHOCTHIO, YBEIUYH-
Bast HOTPeOIIEMY IO MOIITHOCTD Ha BaJIy IBATaTeJIsl 1, COOTBETCTBEHHO, 9HEPTO-
noTpebJIeHe [0 CPaBHEHUO ¢ HACOCOM Ha TIOJAioIIeM TPyOOIIPOBO/IE.

Kpome cxeM ¢ OHUM TerIo0OMEHHUKOM JIJIsl CHCTEMbI OTOILICHHUST, TTPH-
MEHSIIOT CXEMbI ¥ ¢ JABYMSI TermooOMeHHUKaMu. J[Ba MapajiieJIbHO BKJIIOUEH-
HBIX TermooOMenHnka (puc. 2.3,B) yCTAaHABIMBAIOT Ha aOOHEHTCKUX BBOIAX
3[aHVi, He JOMYCKAIIIX MePepbiBOB B mojade TernoThl. Kaskablil Termmoo6-
MeHHUK paccunTbiBafoT Ha 100 % TermonoTeph 3MaHusL.

JIBa mapajuieJibHO BKIFOUEHHBIX TEIIOOOMEHHUKA TIPUMEHSIIOT TAKKe [TPU
HE3aBUCHMOM TIOJIKJIIOUEHUN CUCTEMBI OTOTICHUS ¢ TTo(hacaHbIM PeryJmpo-
BaHueM (Ha prc. 2.3, ). ITa cxeMa 1ejiecoodpasHa st 6a30Boil GO JeKyp-
HOI CHCTEMBI OTOILIEHNST 6€3 TEPMOPETrYJISITOPOB Ha OTOIUTEIbHBIX TIPHOOPaX.
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Hampumep, aJ1st cucteMbl OTOIIIEHNsT 00IIECTBEHHOTO 3/[aHMsI, COBMECTHO pa-
GoTarolieil Ha HarpeB BO3/IyXa ¢ CHCTEMOi KOHAUIIHOHUPOBaHust. B aToM cry-
Yyae TeryIOBBIM KOM(OPTOM YIPABJSIOT TEPMOPETYJATOPhI Ha (haHKOMIAX.
IIpu 5TOM yMeHBINAOTCI KOeOaHWsl TaBICHUS TEIJIOHOCUTEISI B CHCTEME
KOHIUTTMOHUPOBAHUS, Y YIIYUIIAIOTCS €€ PEryJIMPOBOYHbBIE XapaKTEPUCTUKH.

Jlist obacaiHBIX CXEM € TeIJI00OMEHHIKAMI TPUMEHSTIOT TAK/KE CXEMBI €
OJIHUM TIMPKYJISIIIMOHHBIM HacocoM Ha 00e dacaanbie Betsu [17]. OxHako Ta-
Koe pellieHne He 00ecieYnBaeT B TOJHON Mepe s GEeKTHBHOTO PeryJ/InpoOBaHus,
T. K. [IPU OJTHOM HAcoCe CMENIMBAIOTCS TEIJIOHOCUTEN 13 00paTHBIX TPYOO-
IPOBO/IOB Pa3HBIX (hacajioB, cosiaBast HOTPEOHOCTh B KOPPEKTHPOBKE MapaMeT-
POB Kayk/I01 (hacaJHOI BETBU.

Ynpasienue hacaHbIMU BETBIMU OCYIIECTBIISTIOT AJIEKTPOHHBIM PETYJISI-
topom ECL 110 aTunky temmepatypbl HApy>KHOTO BO3YXA lyyr. KOPPEKTUPY-
10T paboTy CHCTEMBI TI0 TeMIIepaTypaM BHYTPEHHETO BO3AYXa Ly, OTCIEKUBAE-
MbIM JIATYMKAMU B XapaKTEPHBIX 10 MPeoOIalafolieMy TEIIOBOMY DEKUMY
MOMEIIEHUSIX ¢ PA3HBIX (hacajioB 3/1aHMs. AJbTEPHATHBHBIM BAPHAHTOM SIBJISI-
eTcsl TIPUMEHEHUE JIBYX 3JIEKTPOHHBIX PETYJSTOPOB HAa KaKIYIO (hacaHyto
BETBb. B sr060M cirydae, TEMI00OMEHHUKI PACCUMTBHIBAIOT B COOTBETCTBHUU C
TETIJIOBOI MOTITHOCTHIO KasK/I0H (hacasiHOM BETBU.

Cuieryet 3aMeTUTb, YTO B BEPTUKAIBHBIX U TOPU3OHTAJIBHBIX CUCTEMAX OTO-
IUICHHST C TEPMOPETYJISITOPAMU Ha OTOITATEIbHBIX TPUOOPaX 1 aBTOMATHYECKIMU
PeryJIsiTopaMu Tieperajia AaBIeHrs Ha ABYXTPYOHBIX cTosiKax (Ui mpubop-
HBIX BeTKaX) J1O0 aBTOMATHUECKUMHI PEryJISTOPaMK PacxXojia Ha OfXHOTPYO-
HBIX CTOSIKAX (MJIK IPHOOPHBIX BETKaX ) ModacaHoe PEryINPOBAHIUE SIBISET-
ca nenenecoobpasubiM. C 3100t 3azaueil Gosee 2(hPEKTUBHO CHIPABJISIOTCS
YKa3aHHbIE KJIalaHbl, yCTPAHSS MEPETOKU TETJIOHOCUTEJIST HE TOJBKO MEKITY
(bacasiHBIMM BETBSIMU CUCTEMBI OTOIIJIEHUS], HO U MEK/IYy CTOSIKAMU WJTH TIPU-
GOPHBIMU BeTKaMU (hacaHON BETBH.

Ocywecmeums NoIny0 aAsMOMAMU3AUUI0 CUCEMbL OMONACHUSL MOJICHO
MONLKO C YUPKYIAAUUOHHBIM HACOCOM.

Hepezynupyemviii u pezynupyemviil 2u0posiesamop He cozdaem 0ocmamou-
1020 PACNONAZAeMO20 OABNeHUS HU OJls. O8YXMPYOHOLL, HU OJLs 00HOMPYOHOL
CUCEMbL OMONAEHUS C MEPMOPEZYTIMOPAMU Y OMONUMETBHBIX NPUOOPOS U
ABMOMAMUUECKUMU PEZYIMOPAMU 2UOPABIUYECKUX NAPAMEMPOS HA CMOSL-
Kax 1o npubopHbLx 6emKax.

Pezynuposanue nponycxamu menioHOCUMest COLCHOUOHBIMU KAANAHAMU HA
aBOHEHMCKOM 6600€ NPOMUBOPEUUI CIMPOUMELLHBIM HOPMAM U HeNpUeMILe-
MO OJLSL CUCTIEM OTHONCHUSL MHOZOIMANCHBIX 30AHULL B0 BCeM MEMNEPAMYPHOM
duanasore omonumenbHoz0 Nepuooa.

Hesasucumoe nooxmouenue cucmemvt OMONLEHUS SGALEMC UOCANbHbIM
peuernuem ons obecnevenus ee asmomamusauuil.
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2.2. OCOBEHHOCTW MPNCOEAMHEHWNA
CNCTEM OTOTNAEHWMA C TNEPEMEHHBIM
MMAPABAMYHECKM PEXKMIMOM

Oco6eHHOCTRIO COBPEMEHHBIX CUCTEM OTOIIECHUS (IBYXTPYOHBIX C T1e-
PEMEHHBIM THAPABINYECKUM PEKIMOM ) ABJISIETCS KOJTNYECTBEHHOE PETYJIH-
poBaHue TEIIONOTPebIEH NS, OCYIIECTBISIEMOE TEPMOPETYJISTOPAMU Y OTO-
MUTENBHBIX TPUOOPOB, B AMAITa30HE OT HYJIEBOTO JI0 MPEBBIINAIONIEr0 pac-
YeTHBIN pacxojt TeronHocuress. Haubouee 1esiecooOpasHbIM MOAXOAOM ISt
CHCTEM C TEPMOPETYJISITOPAMHE SIBJISIETCST TIPUMEHEHNE aBTOMATHIECKU PETy-
JIMPYEMBIX HACOCOB. B IIPOTHBHOM ciyuae, CJIefyeT AeaaTh MepeMbIYKI OT
MoZIafoIIero K o6paTHoMy TpyOoIpoBoy b0 Oaiilackl BOKPYT Hacoca 1o
cxeMaM Ha puc. 2.4. Vimu obecrieunBaioT paboTociocoOHOCTh HAcOCa U KCTOY-
HMKA TEIUIOTHI IPU HYJIEBOM PACXO/IE CUCTEMBI OTOIIEHUS! (TEPMOPETYJISATO-
PbI Ha paguaTopax 3akpbIThl). CeyeT OTMETHTD, 4To Takue Gaiiracsl 1 mmepe-
MBIYKH B TEIJIOBOM IMYHKTE HE HY/KHDI, €CJIM OHU €CTh Ha CTOSKAX WJIN TIPH-
GOPHBIX BETKAX ABYXTPYOHOI CUCTEMBI OTOIJIEHHS C IEPEMEHHBIM TU/PABJIH-
yeckrM peskuMoM. OHM He HY)KHbI TaKKe, €CJIM CHCTEMa OTOTJICHHs HMeeT
MOCTOSTHHBII TMAPABIMYECKUI PEKUM, HE3aBHCHMO OT TOTO C TEPMOPETYJISATO-
pamut oHa uiu Ge3 HUX, OAHOTPYOHAs OHA WJIH JBYXTPYOHasL.

o0 O 1O O
we N | %

a 15) B r A e

Puc. 2.4. Obecneverne paboToCnoCOOHOCTH HACOCOB M MCTOYHWKOB TEMAOTbI

ITepembruka 6o Gaiimac MO3BOJAET MOMIEPAKUBATH PAOOUYIO TOUKY Ha
XapaKTepPUCTHKe Hacoca, 00ecTiednBast ero paboToCmocoGHOCTD, & TAKIKE TTPE]I-
OTBpaIIast KaBUTAITIIO, ITyMOOGpa3oBaHye 1 BUOPAIiio. Beibop KOHKpETHO#
CXEMbI 3aBUCUT OT HEOOXOAMMOCTH TIOJIEP/KAHNS MUHUMAJIBHOTO Pacxojia
TETUTOHOCHTENIST Ha Hacoce Jnbo kote. Kpome Toro, BLIGOP CXeMBI TIpeompe-
nensieT ahheKTHBHOCTH PAOOTHI TEPMOPETYIATOPOB Y OTOMHUTETHHBIX TIPUGO-
POB, ecJiu 1ajiee B IMUPKYJISAIMOHHBIX KOJTBIIAX CHCTEMBI OTOTIJICHUS (HAIIpH-
Mep, Ha CTOSTKE UJTH IPHOOPHON TIOKBAPTHPHOIT BETKE) He YCTAHOBJIEHDI aBTO-
MaTH9ecKue PeTyATOPBI TIepenajia TaBIeHs.

B nipezictaBieHHBIX cXeMax Ha PHC. 2.4 PACCMOTPEHBI KJIallaHbl PAa3JINIHO-
TO KOHCTPYKTHBHOTO ncmosHeHnsT. OMHako QYHKIMOHAIBHO OHN BCE OTHO-
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CSTCSI K TIEPemyCKHBIM Kirarmanam. OOIIIM TTOIXOOM IS BCEX KITATIAHOB TIPH
UX BBIOODE SIBJISIETCS] HEOOXOAMMOCTD 3aBBIIICHISI IABJICHNST HACTPOUKU MIPH-
MepHO Ha 10 % B TouKe nprcoenHeHNnsT epeMbluki (Halimaca) K ogaonemMy
TPYOOIPOBO/LY, UTO HECKOIBKO YITydITaeT paboTy CUCTEMBI OTOTLIEHNS. 3aBbiITie-
HIE BBI3BAHO TEM, YTO B CHCTEMAX OTOIJICHHUS C OTOIMTEIbHBIMI TIPHOOPaMH,
060PYIOBAaHHBIMI TEPMOPETYJIITOPAMHE, HOPMATHBHO JIOJIKHA OBITh YBEJINUeHa
TEIJIOBask MOIITHOCTD 9TUX TPrOOpoB Ha 10 % [9]. [Tpu 9TOM U3MEHSIETCSI TT0J10-
JKeHre pabodell TOUKY Ha XapaKTePUCTHKE HACOCA, YTO HE YINTHIBAETCS B CO-
BPEMEHHOI MTPAKTHUKE TIPOEKTUPOBAHUS cucTeM oTorieHns. C TAKUMH OTOITH-
TEeJIBHBIME IPUOOPAMU TEPMOPETYJISITOPBI OYYT HECKOJIBKO MIPUKPHITHI U CO-
3MaBath GOJIbINEE COTPOTHBIEHNE CHCTEMBI OTOTUIEHNSI, OTHOCUTETHLHO pac-
4yeTHOTO 3HaueHus [ 18].

Cxemy Ha puc. 2.4,a ¢ aBTOMaTHYECKUM TIeperyCcKHbIM KiaananoM AVDO
NPUMEHSIIOT 11T HeOOJIBIINX JABYXTPYOHBIX CHCTEM OTOILIEHUSI C TEPMOPEry-
ngropamu. Kiaman TpHOTKPHIBAETCS MO Mepe 3aKPhIBAHUS TEPMOPETYJISITO-
POB, obecrieunBast MPIMEPHO TIOCTOSTHHBIN PACXO/T TETITIOHOCUTEST Yepe3 Ha-
coC U TermmooOMeHHNK JH0 KoTea. OMHAKO TP 3aBUCHMOM TOIKIIOYEHU
abOHEHTA TTPOUCXOIUT MEPETOK TOPSTIETO TETIIOHOCUTEST B 06PATHBIH Tpy6o-
TIPOBO/T, YTO HEJIOTYCTUMO JIJIST TETIOCETH, T. K. YXYAIIAETCS BEIpAOOTKA DJIeK-
Tposteprun Ha TILL 1 yBeMuMBarOTCS TEILIONOTEPH B 00paTHOM TPyOOIIPO-
Bojie. IIpu He3aBUCUMBIX cXeMaX HEOOXOAUMO TaKKe NCKII0UaTh MOBBIICHHE
TeMIIEpaTyphl Y PACIIUPUTENbHBIX GAKOB MyTEM OTAAJICHHSI TIOCEIHIX OT TIe-
PEMBIUKH JTHOO TIPUMEHEHUS CIIEIMATbHBIX TPOMEKYTOUHBIX OXJIaKIAIOIINX
eMKocTel. B MHANBUYaIbHOM TeMJIOCHAOKEHUH ¢ KOHACHCAIMOHHBIMU KOT-
JIAMU YXY/ITaeTest K. HeocTaTkoM CXeMBI SIBIISIETCST TaKsKe HeobecedeH-
HOCTH TIPOEKTHBIX 3HAYEHUI BHENTHIX aBTOPUTETOB TEPMOPETYJISTOPOB MPU
UX OTKPBIBAaHUH ¥ ITPUMEPHAst 00ECIIEUeHHOCTh BHEIITHUX aBTOPUTETOB TIPH UX
3akpeiBanny [ 18]. BHemHMe aBTOPUTETHI TEPMOPETYJISITOPOB U PETYJINPYIO-
MIUX KJIAMAHOB TIPU MCIIOJb30BAHUN JIAHHON CXEMBbI ONPE/IEJISTIOT 110 MaKCH-
MaJIBHOMY TIeperaly IaBIeHNs B TOUKaX MPICOeTNHEHNUS TIEPEIyCKHOTO KJIa-
nana. MakcuMasbHBIH pacxo]] yepe3 MeperyCcKHO KJIallaH yCTaHABIUBAIOT B
3aBUCHMOCTH OT CTTOc06a KOHTPOIIS CHCTEMBL. TTpH TeMIiepaTypHOM KOHTPOJTE —
paBHBIM 60 % OT MAKCMMAJIBHOTO PacXo/a CUCTeMbI. be3 temmepaTypHOTro —
PaBHBIM MAaKCUMAJIbHOMY PACXO/Ty CUCTEMBI, YTO COOTBETCTBYET PEKUMY CHC-
TeMbI OTOTICHNSI C 3aKPBITBIMU TepMopery sitTopami. OKOHYaTeTbHYI0 Ha-
CTPOIKY TIEPEIYCKHOTO KJIallaHa OCYIECTBIISTIOT IPY HATAZKE CHCTEMBI.

Cxemy Ha puc. 2.4,6 TPIMEHSIOT KaK ¥ TIPEIBITYIYIO CXeMY — B HEOOTb-
MIIX CHCTeMaX OTOTICHWS C TePMOPETyJIITopaMi. B Heil MCIoab3yoT Kia-
naH AQ, XoTs B paBHOII cTeleHn MOsKeT ObITh TprMeHeH Kiarmadn AB-QM ¢
dbyHKIHEH cTabuIsanum pacxoaa Jubo Apyroi KiamaH, DTy CXeMy ¢ TOCTO-
STHHBIM PACXO/IOM TETUIOHOCHUTEJST Yepe3 0ofiiep Ha3hiBAIOT aHTHKOHIEHCA-
[IOHHBIM OaliltacoM. YKasaHHbIE KJIaaHbl CTaOUIN3UPYIOT MUHUMAIbHbIN
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Pacxo/ TEMJIOHOCUTE IS uepes Gaitnac mpu JTI0ObIX MONOKEHUSX TePMOPETYJIsi-
TOpoB (OTKPHITO JIMGO 3aKPBITO). JIaHHBIN pacxojl NpeAHasHaueH st cpaba-
THIBAHUS TOTIMBHOTO KJIAaHa MO0 TPEIOXPAHUTEILHOTO KJIAIaHa KOHTPOJIS
TeMIIEPaTypPbl BbICOKOTEMIIEPATYPHBIX UCTOYHUKOB TEIUIOTHI U [JIsl TIPEIOT-
BpAIllEHNUS [IePerpeBa TEIIOHOCUTEIS OT TEIJIOBON MHEPIIUH TEILITO0OMEHHHUKA.
VYkazaHnHble cTabUIN3aTOPBI PACX0/Ia HE MOJIEP;KUBAIOT TIOCTOSTHHOE JIaBJie-
HUE B CUCTEME OTOTIIEHHUS, ¥ TIPAKTHYECKU He BIUSIOT Ha paboTy TepMopery-
JIATOPOB. BHENIHWIT aBTOPUTET TEPMOPETYIIATOPOB Y OTOMUTETBHBIX TPUGO-
POB IIPU TOI CXeMe OIIPEIEISTIOT IO MePernaly [aBIeHNs B TOYKAX IPUCOeIH-
HeHUst cTabUIN3aTopa PACXo/a TIPU 3aKPHITHIX TEPMOPETYJISTOPAX.

Cxemy Ha puc. 2.4, ¢ kinananom AVDO npuMeHsoT A7t HeGOMbITNX
cucreM. OHa obecriednBaeT TPUMEPHO TIOCTOSTHHBIA PACXOJl TEIJIOHOCUTEJIS
4yepe3 HACOC U He JIOMYCKAET, B OTJIMYKE OT MPEIBbIIYIINX CXeM, [lepeTeKaHue
TEIJIOHOCUTEIST U3 TIOZIA0IIEro TpybonpoBoaa B 06partHbiil. OTHOCUTENTBHO
obecriedeHnst cTaGUILHOCTH PABOTBI TEPMOPETYJIATOPOB JIAHHAS CXEMA UMEET
Te JKe HEeJIOCTATKH, YTO U cXeMa Ha puc. 2.4,a. Kpome Toro, mpu He3aBUCUMOM
MPUCOEANHEHMHN JINOGO MECTHOM OTOIJIEHUH CXeMa Ha PUC. 2.4,B SIBJISETCS HAW-
XYM BAPUAHTOM JIJIST CO3/IaHus yeaoBuil achheKkTuBHOI paboThl TepMO-
PETYJIATOPOB Y OTOTUTEIBHBIX TPUOOPOB (110X0€e obecreyeHne BHEITHUX
ABTOPUTETOB TEPMOPETYJISITOPOB), T. K. YUUTHIBAET COITPOTUBJIEHUE TEMI000-
MeHHUKA MO0 KOTIa. [[JIst HHBIX CXeM Ha PHC. 2.4 CJIELYET 3aMETUTD, YTO JII0O0Ee
o6opyIoBaHye, BHOCSIIEE THPABJIMIECKOE COMPOTUBICHUE B KOHTYP CHUCTE-
MBI OTOILIEHUSI, CJIE/[YEeT YCTAHABIUBATD JI0 1iepeMbiuek. Toraa He Oyaer oT-
OUpATHCST PACIIOJIATAEMOE JIABJIECHIE CUCTEMbI OT TEPMOPETYISITOPOB U UX
BHeITHWE aBTOpUTETHI OyayT BhImIe. C 210l JKe 1esbio 061ni peryampyro-
U KJTalia CUCTEMBI JIJIst BBIBOJIA Hacoca B pabouyio TOUKyY (Ha paccMaTpu-
BaeMbIX CXeMax He [TOKa3aH ) TAKKe JI0JKeH ObITh YCTAHOBJIEH JI0 TIEPEMBIYKU.
IIpn 9TOM OKOHYATEJNHHYIO HACTPOUKY JOOBIX KJIAMAHOB HAa TEPEMbIYKAX
OTIPEe/IeJISTIOT TTOCJIe HATIAKU CUCTEMbI OTOTLIEHMS.

CxeMbl Ha puC. 2.4,T...e C IEPENYCKHBIMU KJIAlAHAMU MEMOPaHHOTO THIA
NpeIHa3HAYEHbI JIJIsT CUCTEM OTOTIIEHNS JII0OON CTeTIeH CI0KHOCTU. VX BbI-
6Op, Kak U HPebIYIINX, 3aBUCUT OT TUIIA KOHTPOJISI CHCTEMBL. B cxemax
MIPUMEHEHDBI PETYJIATOPBI IABJICHUS B KAYECTBE MEPEITyCKHBIX KJIANAaHOB. ITO
SBJISIETCS HAMJTYYIIUM perieHreM paborocnocobHocTn cucteMbl. OHu cra-
GUIIBHO TIOZIEPIKUBAIOT 3a/[@HHBIN Tepena/| JaBJeHust Ha ypoBHe paboueil
TOYKHM HACOCA, T. €. TOYTH TOPU3OHTATIBHO CPE3AIOT €r0 XapaKTepucTuKy. B oT-
JITYMHI OT CXeMbI 2.4,0, PACXOI TEILJIOHOCUTEIST 9epes epeMbluKy (Oaiinac) ms-
MEHSIETCST 3aBHCUMO OT CTEIIEHU 3aKPBITHSI TEPMOPETYJISITOPOB, 00€CieunBast
MOCTOSTHHBII PacXoJ Ha HAcOCe U CTAOMJIU3UPYST TEM CaMbIM ero pabory. AB-
TOPUTETHI TEPMOPETYJIATOPOB IIPU TAKUX CXEMAX OIPEAESIOT OTHOCUTETHHO
ABTOMATHYECKH TTO/IEPKUBAEMOTO TIEPenajia MaBJIeHUsT B TOUKAX IIPUCOeIH-
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HEHUsI TIePEeMBIYKI. EC/IU TIPU PACYETHBIX YCJIOBHUSIX HTOT TIE€PENa] JaBICHUS
OBLI HUKE TPAHMIbI GECIIYMHOI PabOThI TEPMOPETYJIATOPOB Y OTOIUTEIbHBIX
nprbGOPOB, TO ¥ B JHOOOM IKCILTYATAIIMOHHOM PEXKUME CHCTEMBI OH Takxke Oy-
JIET HUZKE HTON TpaHuIlbl. Bo Beex 0CTalbHbIX cXeMax He0OXOUMO MTPOBEPThH
TEPMOPETYJIATOPBI Ha GECHIyMHOCTD TIPU UX 3aKpbITHU (MoApoOHEe CM. B
. 6.11.2). [Toatomy cxembl Ha puc. 2.4,T,71 ABJSIOTCA HAMITYYIITUM TPOEKTHBIM
perierneM. Kpome Toro, mpu UX MPUMEHEHNN CTAOMIM3UPYETCSI TIEPETIaJ] 1aB-
JIEHUSI B CHCTEME OTOIUIEHUST HE3aBUCUMO OT KOJIe0AHUST JIABJIEHUST B TIO/[A10-
eM 1 B 06paTHOM TPpyOOTIPOBO/IAX.

HexoTopyio 0cOGEHHOCTh UMEET CXeMa Ha PUC. 2.4,e ¢ KJIAITAHOM OO~
Pa, BBITIOJHSAIONINUM MEPeIyCcKHyo (hyHKIU0. Bo-1iepBbix, npu Beibope kiarmna-
Ha HEOOXOIMMO YYUTHIBATH CTATUYECKOE JIaBJIEHIE CHCTEMBI TIepel HUM, T. K.
KJIallaH COTIOCTABJISAET JaBJIeHue repej coO0i ¢ aTMOC(hEpPHBIM [IaBICHUEM.
Bo-BTopbIX, KojebaHue JaBjaeHnst B 0OPaTHON MarucTpasu He YCTPaHSAEeTCs
KJIATIAHOM, YTO HE JIydiinM 06pa3oM OTPaKaeTcst Ha paboTe TEPMOPETYJISITO-
POB y OTONUTEIbHBIX TPUOOPOB. TT0aTOMY JIaHHASI CXeMa He SIBJSIETCSI JIyd-
UM TEXHUYECKUM pelieHreM. 3o6paskeHre JaHHONW CXeMbl MOXKET ObITh
Pa3JIMYHO, TaK KaK PACCMATPUBAEMble KJIATIAHBI MMEIOT BapUAHTHbBIE KOH-
CTPYKTUBHbBIE WCIIOJHEHUST: ¢ TPYOKOM JIUIsI MOJaYy MMITYJIbca JaBJIEHUs B
MeMOpaHHYI0 KOPOOKy KJaraHa 1 6e3 Hee, IJie UMITYJIbC JABJICHUS TOaeTCst
yepes Mmosiblil mToK. COOTBETCTBEHHO UMITYJIbCHYIO TPYOKY MOKa3bIBAIOT Ha
cxeMe, 1100 He MOKA3bIBAIOT.

Kiananbl B cxemax Ha puc. 2.4,I...e TPUMEHSIIOT HOPMAJIbHO 3aKPBITBIMHU.
[Ipn HaajgKe CUCTEMBI OTOIJIEHWS OTKJIOYAIOT UMITYJIbCHbIE TPYOKH, UTO
NPUBOAUT K 3aKPHITHIO KJianaHa. /[Jis 9Toro 11e1ecoobpasHo UCoJIb30BaTh
UMITYJIbCHBIE TPYOKH € YCTAHOBJIEHHBIMY MUHUIIAPOBBIMK KPAHUKAMH.

[TpuBenentbie cxeMbl HA pUC. 2.4 UHOT/IA He TIPUMEHSIIOT, eCJIA UCI0JIb30-
BaHbl HACOCHI C aBTOMATUYECKUM PETYJIUPOBAHMEM YACTOTHI BPAIEHUSI.
OpHako cienyeT UMeTb BBUY TO, YTO YACTOTHOE PETYJIUPOBAHUE SIBJISETCSI
orparnyenabiM. OHO He peasusyercs mpu oboporax Huske 60 %. Kpowme Toro,
obecrieurBaeMast CTaOUIIM3ATINA TH/IPABINYECKUX MTAPAMETPOB TEIIOHOCHTE-
JISL Y Hacoca He BCEr/ia SIBJISIETCS JI0CTATOUHBIM YCJIOBHEM GecIyMHON paboThI
CHCTEMBI OTOILIEHUsT, 0COOEHHO €JI OHA BechbMa pa3BeTBieHa. [Ipu aBToMaTu-
YECKH MOJJIEPKUBAEMOM Teperajie JABJIEHMs], TIPEBDIIIAINIEM MAKCHUMAIIb-
HO-/IOITYCTUMOE 3HAUYEHUE 10 YCJIOBUIO OECITYMHOCTH TEPMOPETYJISITOPOB Y
OTOTIUTENILHBIX TPUGOPOB, 003aTEIHHO HEOOXOMMO YCTAHABINBATH ABTOMA-
TUYECKUE PETYJISATOPbI HA CTOSKAX BEPTUKAIBHBIX CUCTEM JIOO TTPUGOPHBIX
BETKaX TOPU3OHTAJILHBIX CHCTEM. B J11000M cilydae, YacTOTHOE pPeryJIMpoBa-
HII€ HACOCOB JIOJIKHO OBITh PEATM30BAHO COBMECTHO C ATUMHE PETYJISTOPAMU
JUIS TIPEIOTBPAIIEHHST BOSMOKHOTO TH/IPABIMYECKOTO Pa3peryTMPOBAHUST CU-
CTeMbI OTOIJIEHUS BO BCEX PEKUMAX ee paboThL.
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B cucmemax omonienust ¢ nepementvim 2uOPAGIUNECKUM PENCUMOM HEOOX0-
OUMO YCMAHABIUBAT® NEPENYCKHOU KAANAH HA NEPEMbIYKE 3A HACOCOM JUOO
batinace 80Kpye 1ezo.

IIpumenenue nepemvruku aubo Oaiinaca ¢ NEPenyckHvIM KIANAHOM OCY-
UECMBAAIOM UCX00S U3 YCA0BULL 0becneuens pabomocnocoGHOCIU HACOCA U
UCTOUHUKA MENTOMbL.

Hacmpoiiky nepenada Oasnienust nepenycKHozo Kianama pekoMeHoyemcst
ycmanagaueams va 10 % eviue om nepenada dasnenust 8 Moukax npucoedu-
nenus nepemviuri oo bainaca.

Bui6op nepenycrnozo kranana pexomenoyemcst oCyuecmensims no pacxooy
MENIOHOCUMEIISL, PABHOMY MAKCUMATLHOMY PACXO0Y CUCTMEMbL OMONICHUSL.

2.3. ObBA3KA HACOCOB

B paccMOTpeHHBIX paHee cXeMax MOKa3aHbl HACOCHI Ge3 0OBSI3KU 3aII0p-
HBIM U M3MEPUTEILHBIM 060py0BarueM. Boibop criocoba 1 apMatypbl 00BA3KH
3aBUCHUT OT TEILIIOBOI MOII[HOCTU CHCTEMBI OTOILIEHUST, TUTIA U (DYHKITMOHAIb-
HBIX 0COOEHHOCTEI HaCOCOB.

Il cucreM OTOILIEHMST HEOOJIBIION TEIIOBOI MOIIHOCTH (HalpuMmep,
OJIHOCEMENHBIX 3/[aHKH) YCTAaHABIUBAIOT OJMH HAcoC Ge3 pe3epBUPOBAHMS
(puc. 2.5,a). B ocHOBHOM, ycTaHABIMBAIOT jiBa Hacoca (puc. 2.5,0; 2.5,r) 6o
CABOEHHBIH Hacoc (puc. 2.5,8). IIpu aTOM 0/IMH 13 HACOCOB SABJISETCA PaOOUNM,
a BTOpPOI — pesepBHBIM. [0pasfo peske, BMECTO JIBYX OOJIBIIUX HACOCOB,
MPUMEHSIOT TPU MEHBIITMX HACOCA, /IBA U3 KOTOPBIX — pabouue, a TpeTHii —
pesepBHBIN. Takoill MOAXOJ MMeET 3KCILTyaTallUOHHbIE U 3KOHOMUYECKUE
[IPENMYIIECTBA, 3AK/TI0YAIONIECS B TOM, UYTO 3aMEHA BBIIIEIIIEr0 U3 CTPOST Ha-
coca oboiiercsa nemniene.

OOBMIENPUHSATBIM TIPO-
€KTHBIM HIOJIXO/IOM SIBJISIET-
Cs1 YCTAHOBKA OTKJIIOYAIO-
[IMX KJIalaHoB, 0OPaTHBIX
KJIAIIAaHOB, BUGPOBCTABOK 1

a E( B
y MaHOMETPOB B y3Jax 00-
BsA3KM HacocoB. Vx B3au-
- = MOpAaCIHOJIOKEHUE MOKET
OTJIMYATHCS OT MOKA3AHHO-
| IO Ha CXEMaX B 3aBUCUMOC-

6 r

TH OT TIPUMEHSIEMOro 060-

OBaHMA.
Puc. 2.5. Y3Abl 06BA3KM HACOCOB CUCTEM PyA

OTONMAEHUA
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OTRII0YAIOTIIE KJIAMIAHBI — IAPOBBIE KPAHbI IUO0 TOBOPOTHbIE 3aCIOH-
KM — Ipe/IHa3HAYEHDI [IJIS1 IEPEKPBITUS TEIJIOHOCUTENST TP PEMOHTE WJIN
3amMeHe Hacoca Jnbo 0OPaTHOTO KJanaHa, a TakyKe JUIst TPeIOTBPAIeHs
MPOTEKAHNS TEIJIOHOCUTENS Yepe3 HACOCHI IIPU 3AIIOJTHEHUH UJIU OTIOPOXK-
HEHUU cucteMbl. [Ipu UCIOIb30BaHUN OJIMHAPHOTO JIOO CIBOEHHOTO HACO-
ca OTKJIIOYAIONINE KJAMlaHbl IOMYCKAeTCd He TIPEyCMATPUBATD, €CITN PAIOM
HAXOJISITCST 3aAlI0PHBIE JIMOO0 3aII0PHO-PETYIMPYIOIIIE KIAIAHbI, yCTAHOBJIEH-
HBIE JIJIST KCILTYaTAIIMOHHOTO OTKJII0UEHUsT GJIU3PACIIONOKEHHOTO 060PYI0-
Banud. Hanpumep, ¢ 01HOI CTOPOHBI HACOCA €CTh KJIANIAH OTKIIOYEHUS TEILI0-
0OMEHHUKA, a C JIPYTOil — 3alIOPHO-PEryIMPYIONIUI KJIalaH cucTeMbl. BecbMa
YIOOHBIME € 9KCILTYaTAIIMOHHON TOUKU 3PEHUST SIBJISIIOTCS MIAPOBbBIE KPAHBI
€O BCTPOEHHBIMU JIPEHAKHBIMU KPAHWKAMHU, [TO3BOJISIONIMME CJIUTb BOJY C
OTKJIFOYEHHOTO YYacTKa TEPeJl CHATHEM Hacoca WM OOPATHOTO KJlalaHa.
[Ipn HaMYUK BCTPOEHHBIX B KOPIYC HACOCA 3aMOPHBIX KJIAMAHOB HEOOXO-
JIIMO TIPELyCMATPUBATD BO3MOKHOCTD OTKJIIOUEHUS TOTOKA TEIVIOHOCUTEJIS
32 06PATHBIM KJIATTAHOM JIJISA €70 TIPOUMCTKH.

O6patHble KanaHbl IPUMEHSIOT TIPU JBYX 1 H0Jiee Hacocax Jisi HeJIOMy-
1eH st 06pa3oBaHKst IIUPKYJIAIUK TEMNJIOHOCUTEIS B 0OPaTHOM HalPaBJICHUH
uepes HepaboTaommii (pesepBHbIil) Hacoc. [I[PenMyIIecTBEHHO yeTaHaBINBA-
10T 0GpaTHbIe KJAMaHbl TI0C/e HACOCA M0 XOAY JIBUKEHUS TEIJIOHOCHUTEJIS.
Ouenb pesko — 1o Hacoca. [lociie 0HOr0 OAMHAPHOTO OO OJIHOTO CBOEH-
HOTO Hacoca 00paTHbIe KJIAIaHbl JIOIyCKAETCsI HE YCTAHABIMBATD, €CJIA 9TOTO
He TPeOYETCs 10 YCJIOBHIO 3aIUThI OT OMOPOKHEHUST CHCTEMBI OTOILICHUSI.

[IprMeHeHne TOTO WM UHOTO OOPATHOTO KJAlaHa 3aBUCUT OT €ro KOH-
CTPYKTUBHBIX ocoberHocTelt. [pu nogbope o6paTHOro Kiianata ceiyer oopa-
ATh BHUMAHUE HA €70 MOHTAyKHOE TI0JIOsKeHHe. [[JIs1 MHOTHX KOHCTPYKIIHE 00-
PATHBIX KJIAITAHOB OTCYTCTBYIOT OTPAHUYECHNS B MOHTAKHOM PACTIOJIOKEHUH.

HeobxoamumMocTh B BAOPOBCTABKAX 3aBHCHT OT ITPUMEHSIEMOTO TUTIA HACOCA.
JIJIs1 HACOCOB ¢ MOKPBIM POTOPOM, MTPAKTUYECKH HE TTYMSIIUX, BAOPOBCTABKI
He TpuMeHdioT. Ecm aTu Hacochl Bee JKe TyMST, 3TO CBUIETEJILCTBYET O He-
MPaBUJILHOM WX COYETAHUU C CHCTEMON OTOIUIeHUs:: paboTe B 3alpeiesbHOi
ob6macti pabouell XapaKTepUCTUKU, HU3KUM THAPOCTATUYECKUM JIaBJICHUEM
TEIJIOHOCHUTEJIST TIEPeT HACOCOM, H30BITOUHBIM HATTMYHEM KUCJIOPO/Ia B TETLIIO-
HocuTele... Hacochl ¢ cyxum poTopom ¢ 00enX CTOPOH JIOJKHBI OBITH U30JIH-
poBaHbI OT TPYGOIPOBOIOB BUOpOBCTaBKamMu. Yarie ycraHaBauBaioT BUGpo-
BCTaBKH JIO U MOCJIE y3Jia 00BSI3KY HACOCOB (puUC. 2.5,T), a He Y BXOJIa U BBIXOJIA
Kask/10ro Hacoca. [Ipr aToM yMeHbIAeTCst KOJIUYeCTBO BUOPOBCTABOK U KOM-
MEHCUPYETCs IMHEHHOE Y IMHEeHre TPYOOIPOBOIOB.

[l71 m3mMepeHus nieperia/ia IaBJeHns Ha BXOJIe M BBIXOJIe HAcOca yCTaHABIIU-
BaIOT MaHOMeTpbL. OTGOP UMITYJILCOB [ABJIEHUsST OCYIECTBIISIOT 3a TPEJeIaMI
OTKJIIOYAEMOTO YYACTKa C FPYIITIO HACOCOB, & TIPYU HAJIMYUE BUOPOBCTABOK — 32
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npezeaM BUGponsosnupyeMoro yyactka (puc. 2.5,1). C 1eJIblo COKpaIleHust
KOJITIECTBA MAHOMETPOB MCTIOIBb3YIOT 0OIIYI0 UMITYIbCHYIO TPYOKY /I7IsT He-
CKOJIBKUX TOYeK 0TOOpa MaBieHust. VIMIYJIbe JaBJIEHWsT OT WHTEPECYEMOit
TOYKH 0TOOPA TIPOXOAUT YePe3 UMITYJIbCHYIO TPYOKY ¢ BHYTPEHHHUM JHaMeT-
poM He MeHee 10 MM TPW OTKPBIBAHUN MUHUTIAPOBOTO KpaHa. COOTBETCTBEH-
HO, OCTaJIbHbIe MUHHUIIAPOBBIE KPAaHbI JOJKHBI OBITh MEPEKPHITHL. DTUM [0~
CTHUTAIOT y06CTBA 0GCTYKUBAHNST U MCKTIOYEHNST TIOTPETTHOCTH B N3MEPEHUT
nepenaga fasaenust. Ho, Bo3HUKAeT HEOOXOANMOCT yYeTa BBICOTHI CTOTIOA
JKUAKOCTH B UMITYTBCHOM TpyOKe MEKIY TOUKON 0TOOpa W PacToIOKEeHNEM
MaHOMETPA, €CJI OHN HAaXOATCS Ha PA3HBIX YPOBHSX.

YuacTok 0011l NMITYTLCHON TPYOKM TIepe] MAaHOMETPOM 3a4acTyio TPe/i-
YCMaTPHUBAIOT BEPTUKATBHBIM, TTOJIATas], YTO JUTHHLI TPYOKU TOCTATOIHO JIJIS
OCTBIBaHMSI TETIOHOCUTESA. [Ipn 0TOOpe MMITyIbca aBIeHns oT TpyOoTpo-
BOJIOB C TOPsUeil BOIOH MMITYJIbCHYO TPYOKY U3THOAIOT retJieil, 06pasoBbiBast
cOH 7T TPEOTBPAIIEHNUS IIPKYJISIINN TETVIOHOCUTENS B HEH 1of Jefi-
crBueM rpasurtaiii. OCTHIBIINI B TPYOKe TEIJIOHOCUTEb OCTYIIAET K MaHO-
MeTpy, 00eperast ero MeXaHu3M OT TEeIToBOTO Bo3elicTBust. Kpome Toro, uem
nHHee TPYOKa, TeM OOIbIIe AeMI(GUPYIOTCs KOTeOaH st TaBIeHNsT TETIo-
HOCHTEJIS, UTO CTAOMITM3UPYET TTOKA3AHIST MAHOMETPA.

TMoncoeMHSIIOT MAHOMETP K UMITYJILCHOM TPYOKe depe3 CrernnaTbHbli
Tpexxo0Boii kpaH (puc. 2.6). m, mommnmo Britouerns (puc. 2.6,a) 1 OTKITO-
uerus (puc. 2.6,6), OCYIIECTBIISIOT TPOBEPKY pabOTOCIIOCOGHOCTH MAHOMETPA —
KOHTPOJIb YCTAaHOBKHU CTPEJIKU Ha HOJb (puc. 2.6,8); IPOAYBKY UMILYJILCHON
TpyOKY (puc. 2.6,r); IPOBEPKY MCIIPABHOCTH MAHOMETPA KOHTPOJBHBIM MaHO-
MeTtpom (puc. 2.6,1).

t

a

Puc. 2.6. BapraHTbl NOAOKEHUS TPEXXOAOBOIO KpaHa

B TennmoBbIX MyHKTaX MPUMEHSTIOT MAHOMETPBI KJIACCOM TOYHOCTH HE HU-
JKe 2,5, MOCKOJIbKY pabouee JaBJieHIe TEIIOHOCUTES, KaK TIPABUJIO, He Ipe-
sormaer 2,3 MITa. ITpu gasaennu 6oabine 2,3 MIla xo 4,0 MIIa BkiounTesn-
HO KJIACC TOYHOCTH J0JIKEH ObITh He Huske 1,5. TIpu GobIInX JaBIeHusax — He
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Hke 1,0. /Ilmamerp mMaHOMeTpa, YCTaHABJINBAEMOTO HA BBICOTE 710 2 M Ha
YPOBHEM ILIOIIAJIKN HabII0IeHUS, IoJKeH ObITh He Meree 100 MM, o1 2 10 5 M —
160 mm, cBbitie 5 M — 250 MM, MaHoMeTp cireyer BEIOMpaTh ¢ TAKOM MIKAJIOH,
4TO0BI CTPEJIKA HAXOAMUIACH B CPEIHEH TPETH HIKAJIbI IIPU PabodYeM JaB/IeHUN.

Buwibop cnocoba u apmamypvL 00643KkuU HACOCA 3ABUCUT O MENILOBOLL MOUL-
HOCMU CUCmeMbl OMONIEHUSL, MUNA U PYHKUUOHATLHBIX 0COOEHHOCMEN Ha -
€0C08.

2.4. TIPNCOEAMHEHME CNCTEM OTOINAEHWMA
C YHETOM PACTIPEAEAEHMA AABAEHS
B TEMAOBOW CETU

IIpuMeHeHyre TOro WM MHOrO 0O0PYZOBaHUS aOOHEHTCKOTO BBOJAA BO
MHOTOM TIPE/IOIIPe/IEIEHO THIPABINYECKUMHY [TApAMEeTPAMU TEIJIOHOCUTEJIS B
TpybOIpPOBOIAX TEIIOBOI ceTu. Pacipe/esienne JaBjieHnst B HUX 3aBUCHUT OT
TU/IPABJIMUECKOTO pekuma. /[nHaMnyecKuil pesknuM XapakTepusyioT JIBUIKe-
HUEM TEIJIOHOCUTEJISI 32 CYET PA3HOCTHU JIABJIEHUS, CO3/[ABAEMOTO CETEBIMU
Hacocamu. CTaTdeckuii — orcyTcTBueM ABmkenns. Oba pexkyuMa sSBISIOTCS
OIPENEIIONINMI B BRIOOPE CXeMbI HOAK/IIOUEHNST aDOHEHTa 1 0TOOPasKAIOTCS
Ha rpaduKe JaBJIeHUS.

I'paduk naBienus, Ha3bIBaeMbINl TaKKe MTbE30METPUUYECKUM, MEET MH-
IMBULyaIbHbIe 0COOEHHOCTH AJI1 KOHKPETHOH TerioceTu. Haubostee mpoctoit
13 HUX TIPe/ICTaBJIeH HA pUC. 2.7, T/e CIIONTHON KUPHOM JMHUEH TTOKa3aHO
pacrpejiesieHue IaBJeHus B IMHAMUYECKOM PEKUME, 2 ITYHKTUPHOW — B CTaTU-
yeckoM. PaccMoTpenue 3T1oro rpadguka BO B3aUMOCBSI3M C XapaKTePHbIMU
IUPaBINYECKUMU 0COOEHHOCTSIMU CUCTEM OTOILIEHNs aOOHEHTOB SIBJISIETCS
OCHOBOIOJIAraloNIM JJIst JIIOOBIX KOH(pUTYparnii rpauKOB JaBJIeHus.

Oco6EHHOCTHIO COBPEMEHHOIO TEXHUYECKOTO 00eCIIedeH sl TEILIONYHKTA
SABJISIETCS HEOOXOAMMOCTD TIPUMEHEHUST TEIIOCUYETYNKA, 4 TAKKe YCTAaHOBKU
Ha mojaiomeM TPyOOIpoBose abOHEHTCKOIO BBOMA PEryJIsATOpa AABJIEHUS
(P/1) nezaBucumo ot jaBienus tersioHocuTesst Ha BBoje. Ha P/l Bozarator
CJIelyIolue 3a/1aum:

® 3AIUTY TEIUIOCETH OT THPABINYECKOTO Pa3peryJInpOBaHNs;

® HuBelUpOBaHUe y abOHEHTa KoJleOaHUil JaBJeHUs TEIJIOHOCUTES B
TEIJIOCETH;

® [0//IcpsKaHKe BHEIIHErO0 aBTOPUTETa PETyJIATOpa TEIJIOBOTO ITOTOKA
CHCTEMBI OTOIJIEHHSI THOO PETYJISITOPA TeMIIEPATYPhl CHCTEMbI TOPsTUe-
0 BOAOCHAOKEHHUST Ha BBICOKOM YPOBHE;

® OrpaHuUYeHNe COBMECTHO C PETYJISITOPOM TETIIOBOTO TTOTOKA (TeMIiepa-
TYPbI) MAaKCUMAaJBbHOTO PAacXo/a TeMJIOHOCUTEISI.
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Puc. 2.7. XapakTepHoe pacrnoAaoxeHne abOHEHTOB OTHOCUTEAbHO rpadomka
AABAEHUSI TEMAOHOCHTEAS] B TPYOOMPOBOAAX TEMAOCETU: T— AMHMS
AaBAEHMS B MOAAIOLLEN MArMCTPaAu,; 2 — AMHUS AABAEHMS B 0OpaT-
HOM Maructpasm; 3 — AMHMSI CTaTMHECKOrO AaBAEHMs B TPyOOrpo-
Boaax Tenaocetu; I... IV — Homep aboHeHTa

HoBbiMu hyHKITMSIMU SIBASTOTCST B TIocseaare. OCTaHOBUMCST Ha HUX
nozpobHee.

Kiananpl, mpuMeHsieMble /ISl PEryJTUPOBAHNS, U3TOTABIMBAIOT C PA3JINY-
HBIMHU pacXo[HbIMM XapaktepucTukamu (cm. 1. 6.1.3). OcHoBHas 3a/aua B
MPUMEHEHNH KJIATIaHa ¢ TOH UJIM WHOM PACcXOTHON XapaKTEePUCTUKON — TIOJTy-
YeHUe TPOMOPITMOHATIBHOTO PEryJIMPOBAHUS PACXOJa TETVIOHOCUTENSI OTHO-
CUTEJIbHO PETYJUPYyeMOTO napamerpa. [lJisi peryJstopa TelaoBOro MOTOKA
(PT) — orHOCHUTEIBHO TeMITepaTypbl TermoHocuTes. [Tockosnbky Temmnepary-
pa TETIOHOCHUTEJST TMHEHO 3aBUCUT OT KOA(DPUITMEHTA CMEIIEHUST, TO U KO-
HeYHas 3a/[aya KJjarnaHa COCTOUT B 0OeCIeYeHNH JIHHEIHOTO PeryJInpOBaHus
pacxopia.

Jluis KJmanana ¢ IMHEHHOM pacXoHOM XapaKTepUCTUKON HE0OXO0ANMO KaK
MO’KHO MEHBIIIE TPUBHECTH NCKAKEHUS B 9Ty XapaKTEPUCTHUKY, T. €. BHEITHUI
aBTOPHTET KJIallaHa CJeyeT 00eCeunTh OIM3KUM K eNHUIE. DTO O3HAYAET,
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uro st PT Tpebyercst cosmarh OCTOSHCTBO Mepeliajia AaBIeHuUs IPH TOMO-
i PJ1 m motepsith Bech aToT neperna gasyienns Ha PT. [{sisg aToro Ha perymm-
PYEMOM yYacTKe He JOJIKHO ObITh HUKAKUX 9JIEMEHTOB CO 3HAYNTETbHBIMU
MECTHBIMHU COTIPOTUBJIEHUSIMUA. B TIPOTUBHOM cirydae, HampuMmep, Ha JIMMUT-
HO nadparme, ycranossenHon Mexay P/l u PT, Tepsiercst wacth mepemaia
JlaBJICHUS] PEryJIMPyeMOro y4acTKa, yMeHbliag BHenHuii asroputer PT 1 ncka-
JKast IMHEHHOCTh ero peryauposatus. Ecim Bee jke TpUHATO pererune 06 ycTa-
HOBKe IMMUTHOU fuadparmsl meskay P/l u PT, To cienyer nmpumensaTs kia-
nan g PT ¢ norapudmuueckoil pacXoHON XapaKTepuCTUKO, a1bo eil
HO00HOIA.

¥ kiamnaHa ¢ JjorapuMIIecKoi, 0o eif 1o00HO0I pacXOIHON XapaKTe-
PUCTUKON ecTh 30Ha TMPUMEPHO JIMHEeHHOoro peryiupoBanns. [loatomy Ha-
YAIBHYIO JIOTapU(MUUECKYIO XaPaKTEPUCTUKY, SIBIISIONLYIOCS NCKPUBJICHHO,
CJIEyeT THIPABJINIECKU TTOIPABHATH. /lOCTUTAIOT 9TOTO M3MEHEHUEM BHETII-
Hero aBTopuTeTa KiamnaHa. OCyUIeCTBISIOT — pa3MelleHreM 3JIeMEHTOB
TEIJIOBOTO y3Jia BHYTPU PETYJIUPYEMOTO y4acTKa, KOTOPbIe BHOCST JIOTOJI-
HUTEJNbHOE TH/IPABINYECKOE CONPOTHBIIEHNE. VIX COMPOTUBIICHIE TTPH JIOTa-
prGMUYECKOil HIeaNbHO XapakTepucTuke A0JuKHO oTOuparsh 70..90 % or
ABTOMATUYECKU TIOJIEPKUBAaEMOTO Tiepenasia nasienus va P/I. Torma BHet-
Huit asroputer PT Haxoautes B quanasone 0,1...0,3 (10...30 %), obecnieunBast
MPUMEPHO JIMHETHOe perynpoBanre. OJTHIM U3 TAKUX 2JIEMEHTOB SIBJISIETCST
TEMI006MEHHHK B CHCTEMaX ¢ HE3aBHUCUMBIM TTOKTIOUEHHEM.

[Ipu 3aBrCHMOM NMPUCOETMHEHNH TSI PETYJTMPOBAHUS TETJIOBOTO TIOTOKA
B y3Jle CMENIMBaHUsT HauaydImuM oOpasoM paboTaror Kiamanbl PT ¢ smHeii-
HOW pacxXoHOW XapaKTepUCTUKOH, eCii HEeT JUMHUTHON JaracdparMbl MEXKILY
uum u P/I. IIpu HesaBucMOM — ¢ TorapuGMIIecKOH.

Oco00 ciieyer OTMETHTb, 4TO coBMecTHO# pabotoit P/ u PT mMoskHO pea-
JIM30BaTh (DYHKIIUIO OTPAHUIEHUST MAaKCUMAJILHOTO pacxona. Panee ¢ aToii 3a-
Jladelt cripaBJsiyiach IuMuTHasI anadparma (eM. 1.p. 6.4), TOCKOJIbKY CHCTEMbI
GBI C TIOCTOSIHHBIM THAPABIMYECCKIM peskiuMoM. CerofHs cucreMaM IpH-
CYTIT KaK MOCTOSTHHBIH, TaK U TlepeMEeHHBIN TH/IPaBIndecKuil pe;kiuMbl. [loaTomy
B [8] ykazaHo, 4TO aBTOMATH3AIIHS TEMJIOBBIX MYHKTOB 3aKPBITBIX M OTKPBITHIX
CHCTEM TENJIOCHAOKEHUS I0JKHA 00eCIeYnBaTh OrpaHIYeHIe MAKCUMaIbHO-
TO pacxoia BOJBI U3 TEIJIOBOM CEeTH aBTOMATHYECKMMHU KJlallaHaMu. AHAJO-
TMYHBIE TIOZIXO/bI TPUMEHSIOT YKe U B oTeuecTBeHHON TipakTrke [80].

CJieyeT OTMETHTB, YTO CaMo TI0 cebe OrpaHrYeHre PACXojia TEIJIOHOCH-
TeJIs Ha 371aHwe He crocoOcTByeT ahHeKTUBHON paboTOCIIOCOOHOCTH CHCTEMBI
OTOIJICHUS C PAIUATOPHBIMUA TEPMOPETYJIITOpaMu. Takyio cucteMy poOeKTH-
PYIOT TI0 PACUETHOMY PACXO/Iy TEIJIOHOCUTEIST. B TO BpeMsi Kak Mpu OTKPBITUI
PaIMATOPHBIX TEPMOPETYJISATOPOB, aBTOMATUYECKH BO3HUKAIOIIEM TIPU
CHIKEHWH TeMIIepaTyphl BO3/AyXa B MOMEIEHUH JUO0 PYYHOM OTKPBITUN
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MoTPeOUTEIIMI B MOMEHT HEYIOBJIECTBOPEHHOCTH TEIJIOBBIM KOMMDOPTOM,
YMEHbIIAeTCS MU/PaBIMYeCKOe COIPOTUBIICHIE CUCTEMbI U BO3pacTaeT pacxo/|
TETJIOHOCUTEIS B cucteMe. [1pu 9ToM ciieoBaio 651 COXPAHUTH TEMITEPATY -
PY TEILJIOHOCUTEJISL B CUCTEME OTOIICHUS TaKOI ke, KaK JI0 YBeJIMYeHUs pac-
Xo/1a — TI0 TeMIIepaTyPHOMY IpaduKy, T. €. HEOOXOIMMO YBEJTUUUTh TEIJIOMOT-
pebuiere, TOCKOIbKY BO3HUKA Takast motpebrocTs. Ho ecimt PT mogo6pan mo
HOMUHAJIBHOMY PacXo/ly TP TIOJTHOM OTKPBITUM U TeMIepaTypa TelIOHOCH-
TeJIsT B TETJIOCETH He TIPEeBBINaeT 33J]aHHOTO 3HAUYEHUS 110 TeMIIepaTypHOMY
rpahuKy Ka9eCTBEHHOTO PETYIMPOBAHN, TO 3aTIPOC TIOTPEOUTEST OKAa3hIBAET-
s HeyoBJIeTBOPeHHBIM. PT OyieT IOJTHOCTBIO OTKPHIT, & MOIEPIKUBAEM I
neperaz gaaenus P/ obecreunt cTabUabHBIN pacxo. st akcrryaranum
TeTIoceTel Takoe OTpaHMIEHHE PACXO/A TETIIOHOCUTETST Y abOHEHTA STBIISIETCST
TOJTOJKUTETHHBIM (DaKTOPOM. B TO BpeMst Kak fi7ist ToTpeOUTeNs, TIpr €T0 TOTOB-
HOCTH OIJTAYMBATh CBEPXHOMIHAIBHOE TEIIONOTPEOICHIE, — OTPUIIATEIBHBIM.

[lenTpannsoBanHoe MOTpeOIEHIE TEMTOHOCUTEST HA OTOTLIEHHE OCTa-
JIOCh €JIMHCTBEHHOH KOMMYHAJIbHOU chepoii, mmerorel orpaHnYeHne pacxo-
Jla U3 BCEro MepevHs IIPeJ0CTaB/IsIeMbIX HACEIEHUIO YCIYT, YTO HE OTBeYaeT
PBIHOYHBIM OTHOIIECHUSAM. Y IOBJICTBOPUTH MOTPEOUTENISI BOBMOKHO COOTBET-
CTBYIOIIIM TIOI00POM PETYIIATOPA TETLIOBOTO TIOTOKA: HE TT0 PACIETHOMY pac-
XOJy TETJIOHOCUTEJSI B CHCTeMe OTOTIIEHNs TIPU HOMUHAJIBbHOM OTKPBITUU
TEPMOPETYJIATOPOB Y OTOMUTEIBHBIX MTPUOOPOB, a 110 MPOTHO3UPOBAHO YBEJIHU-
YEHHOMY, T. €. C Y4€TOM II0JIHOTO OTKPBITUS 9TUX TePMOPEryaaTopoB. Takoi
pacyer II0Ka He OCYIIEeCTBIIAIOT, XOTS OH He IIPe/CTaBIIgeT CJI0KHOCTH. B 3aBu-
CUMOCTH OT THUTIOpa3Mepa MpUMeHsIeMbIX TEPMOPETYIISITOPOB B CHCTEME OTOTI-
JIEHUS 1 UX BHEIIIHEro aBTOPUTETA, PACX0/] TEIJIOHOCUTEJIS B CCTEME OTOILIe-
HUS TIPU OTKPBITHU TEPMOPETYJIATOPOB yBesanunBaercsd B 1,3...1,7 pasa [18].
IT0 TpebGYeT COOTBETCTBYIONIETO YBEIUYEHUS PACXOAa TETUIOHOCHUTENS U3
TervIoceT! ¢ yyeroM koadduumenta cMelenus. besycioBno, Takoil moaxos
MOJIKEH erte GBITh BOCTIPUHST TEMIOCHAOKAIONINMI OPTaHU3aIuSIMI U pea-
JIM30BAH TOJBKO TIPHU COTTACOBAHUN C HUMM, T. K. TPeOYET COOTBETCTBYIONIEH
[IOJI'OTOBKH TEILJIOCETU.

Hoaxmouenue aboHenTa <I».

Vcxoist 113 BBIIEH3I0KEHHON HEOOXOANMOCTH 06eciedeH st MUHIMAJTb-
HOTO aBTOMATHYECKOTO OCHATIEHNUST TETJIOBOTO MYHKTA, TTPUCOeNHeH e abo-
HeHTa «I» (puc. 2.7) 1o 3aBUCUMOIT cXeMe SIBJisieTcsl Hanboree MpOCThIM.
CucreMa OTOIJICHUS TP TAKUX MCXOHBIX TAHHBIX TETIJIOCETH HE TTO/IBEPIKe-
Ha OTIOPO;KHEHUIO 1 TIOITOMY He TPeOyeT AOTOTHUTETLHOTO TPEI0XPAHSIOTTe-
ro obopymnoBanst. [IprHIMTIMATBHAS CXeMa TEeTJIOBOTO MyHKTa TIOKa3aHa Ha
puc. 2.8. PaceMoTpuM (byHKIIHOHATBHOCTH OCHOBHOTO 000DY/IOBAHISI.

1 — orkimouaromas apmarypa. Ha BBojiax B TemnsioBble IyHKTHI (KpoMme
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WH/IMBU/IYaJbHBIX TEIJIOBBIX MYHKTOB, CBSI3AHHBIX C IEHTPAJILHBIMU TEILJIO-
BBIMI ITyHKTaMH 6e3 MOKAuYMBAIOIINX HACOCOB) JI0JIKHA TIPELYCMaTPUBATHCS
cTaJbHas 3amopHast apMarypa. PaHee ycraHaBmmBau 3aBkkn. Cefiuac mpn-
MEHSIIOT CIIeIMajIbHbIe IapoBbie KpaHbl JIP 6o moBOPOTHBIE 3aCIOHKH.

2 — rpszeBuk; 3 — puabtp. [To TpebOBaHUAM SKCILUTyaTAIlnU GOJIBIIMH-
CTBA aBTOMATHYECKOTO 0O0PYIOBAHUsT HEOOXOANMO TMPUMEHSTH KaueCTBEH-
HBIN TertoHOcUTesnb. C Takoil 3a/auell He CHPAaBJISIOTCS TPAAUIIOHHBIE
IPSI3EBUKU I'PABUTAIIMOHHOTO OCAKJICHUST TBEPABIX yacTwuek. [loatomy 3a
IPSI3EBUKOM YCTAHABIMBAIOT CETYATHIN (DUIIBTP, €CJIM OH KOHCTPYKTUBHO He
BMOHTHPOBaH B Tpsi3eBUK. [IpuMenenue hujibTpoB cO BCTPOEHHBIMU CITYCK-
HBIMM KPaHUKaMU YIPOIIAET UX MPOUYMCTKY — (€3 U3hATHI CETKU — ¥ OI0-
POKHEHIE 0OCTYKIBAEMBIX Y3JI0B U YUYACTKOB B HIKHUX TOUKAX, Kak, HAITPHU-
Mep, Bo3Jle Hacoca. Kpome Toro, peycMaTpruBaioT OTKIIOYATOIIYIO apMaTypy
C IBYX CTOPOH (DUITBTPA, TIO3BOJISTIONIYIO CHATH U MTPOYNCTUTH ceTKY. /L71sT ompe-
meserust HeoOXOMMMOCTH TIPOYNCTKY (hITbTPa TIO TIEPEajly MaBaeH s, Ha
TPyOOIPOBOIAX YCTAHABIMBAIOT IITYIEPHI, OTOUPAIOIINE UMITYJIbC JABJICHUS
U TIepe/Iaioniie UX Yepe3 TPYOKH K MAaHOMETPY.

ri:Xf

Puc. 2.8. Cxema 3aBUCHMOrO NMoAkAloHeHus aboHeHTa «I» no puc. 2.7

MecTo yCTaHOBKH TPSI3€BUKOB YKazaHo B [3] — Ha moaBosieM Tpyoo-
TIPOBOJIE TIPY BBOJIE B TETIJIOBOH TIYHKT; HAa 0OPaTHOM TpyOOITPOBO/IE TIEpes pe-
TYJIUPYIONIMME YCTPOHCTBAME 1 IPUOOPAMU yUeTa PACXOA0B BOJBI 1 TEILIO-
BBIX TIOTOKOB — He Gosiee ofiHOTO. Pagmerrierne rpsizeBrka v GurbTpa meper
HACOCOM 3AIMHUIIAET OT 3arPA3HEHNH, 06Pa3yIONNXCsT B CHCTEME OTOTIIIEHUST —
PKaBUMHBI CTAJIBHBIX TPYO, (DOPMOBOYHOI MacChl, KOTOPast JACCATHICTUIMU
BBIMBIBAETCS M3 YYTYHHBIX PajnaTopoB, u T. . OJHAKO TP 3aMOJHEHUN
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CHCTEMBI, OCYIIECTBIISIEMOM ¢ 00PATHOI MaruCTpaid TEIJIOCETH, 3allUTa OT
MOTajIaHKs 3aTPsI3HEHKsT B 000PYyI0BaHIe OTCYTCTBYeT. [109TOMY 1 BO3HIKA-
€T 1eJ1ecO06PasHOCTh Pa3MEIEHHUS BCEro 000PYI0BaHHUsI, B TOM YHCJIE 1 HacO-
COB, Ha mojtatoriieM Tpybonposoe. Toraa rpsiseBuk 2 Ha 06paTHOM TPYOOIPO-
BOJIE B Iape ¢ pasBepHyThIM GuibTpoM 3 (0003HAYEHO TTYHKTUPOM) BIIOJIHE
CTIPABJISIETCS ¢ OYMCTKON TETIJIOHOCUTEJIS TIPH 3aTI0JTHEHNH crucTeMbl. PasBep-
HYTBIT GUIBTP — 9TO OOBIKHOBEHHBI (DUJIBTDP, YCTAHOBJIECHHBIN HABCTPEUy
JBWKEHUIO TerioHocuTesist. [IpuMenenue pa3BepHyThIX (PUITBTPOB B OTEUECT-
BEHHOM TPaKTHUKe MMPOEKTUPOBAHUS HE PACTIPOCTPAHEHO.

BapuanToM obecrieueHns 3aIl0JIHEHNsI CHCTEMbI OTOILIEHUST ¢ 0OPATHOTO
TPyOONPOBO/IA TEILIOCETH SIBJISIETCSl y3ea (BbIIEJICH MYHKTUPOM B HUKHEH
YACTH PUCYHKA), COCTOSIIN 13 06PaTHOTO KJIallaHa Ha OCHOBHOM TPyOOIIpo-
BoJie U puJIbTpa ¢ 0OPATHBIM KJIAaHOM Ha Bpeske. B pesknMe 3alojTHEHUsT
cucTeMbl (TIPY 3aKPHITOM OTKJIIOUAIOIIEM KJIaltaHe 1 Ha rmojarorieM TpyOonpo-
BOJIE) 3aKPbIBaeTCst 0OPATHBIN KJIallaH Ha OCHOBHOM TPYOOIIPOBOJIE U OTKPbI-
BaeTcsl OOpaTHBIN KjallaH Ha Bpe3Ke, MPOIYCKas TEIIOHOCHUTEIb depes
dusbTp. Bpesky ocyniecTBIIsioT TpyOGOIPOBOIOM MEHBIIIETO [HaMeTpa, TIpH-
HUMaeMbIM TI0 [3], MCXo/sT M3 BpPeMEHM 3aIlOJIHEHUS CUCTEMbl OTOTLIEHUS.
@ubTp 1 06PaTHBIN KJIallaH BEIOMPAIOT 110 IPUHIATOMY AHaMeTpy Bpesku. B
11EJTOM, TaKOH Y3€JT SIBJISIETCST IPEATTOYTUTETbHee ¢ 9KOHOMUIECKOM 1 9KCILITya-
TAIMOHHOW TOYEK 3PEHUs 10 CPABHEHUWIO C Pa3MelleHNeM Pa3BEePHYTOTO
(dbuIbTpa Ha OCHOBHOM TPYOOIIPOBOIE.

4 — pacxogomep. MecTo yCTAaHOBKH PacxoJioMepa 3aBUCUT OT TpeboBa-
HUI pousBoAUTeIst ¥ TpeGOBaHUil TertocHabsKatoleil opraHusamnuu. Tak,
HarpuMep, yJIbTPa3ByKOBOH pacxojioMep HEUYBCTBUTEJEH K 3aTrPSI3HEHUSIM
TEMJIOHOCUTEJIST ¥ 110 YKa3aHUSIM [IPOU3BOAUTENSI MOKET ObITh YCTAHOBJICH
KaK Ha II0/Iaf0IIeM, TaK U Ha oOpaTtHOM TpyGorposoze. 1o TpeboBaHMIO TEMIO-
CHAOJKAOIX OPTaHU3alluil 3a4acTyi0 HEOOXOAMMO YCTAHABJIMBATH PACXOI0-
Mep Ha TIO/IAIoIIeM 1 Ha 06paTHOM TPYOOIIPOBOIAaX OHOBPEMEHHO (CM. L. 2.6).

5 — TeWIOBbIUKCIHTENb. PaccunThiBaeT nmoTpebyieHre TeMJI0BOi 9HEPrHH,
OCHOBBIBASICh Ha M3MEPSTHHOM pacxo/ie pacxoioMepoM 4 (pacxozomepamn) u
Pa3HOCTH TEMITEPATYP OT TIAPbI IATYUKOB 6.

6 — narunk Temmeparypsl Temonocures. [Ipeacrasiser coboii TepMo-
METp COIPOTUBJIEHNUS, 00eCeYnBaOIINil H3MEHEHHE COMPOTUBIICHHUST TIPO-
TTOPIIMOHAIBHO TeMTIepaType TeTIOHOCUTeNs. J[oCTUTaloT 3TOT0 NCIoIh30Ba-
HUEM TUTATHHOBBIX TIPOBOJIHUKOB, Y KOTOPBIX JIaHHAS 3aBUCUMOCTD JIMHEWHA.
[Tpumernstror morpyskbie gaTynku Trma Pt 500. [laTunk BCTaBISIOT B THJIB3Y,
MOCTaBJIIEMYIO TI0 3aka3y. Ee BepXHIOIO 4acTh pacriosiaraioT BbIIIE HUKHE.
ITO BBI3BAHO TeM, YTO JIJIST JIyUIel Teryionepeadn K AaTInuKy THIb3Y 3a10J-
HSIOT MO0 TETIONPOBOIHOM MacToi, ubo Maciom. [Tpu auamerpe Tpy6o-
poBo/a 65 MM U BBIIIIE YCTAHABINBAIOT TOJLKO TIOTPY/KHBIE JaTUHKH.
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7 — peryJisiTop nepenaja JapjaeHus. 3aluiaeT TeMJI0CeTh OT THPABIIH-
YECKOTO PasperynpoBaHus. 3allUlaeT CHCTEMY OTOIUIEHNsT OT KoJieGaHus
JIaBJieHust B TertoceTu. [loiepskuBaeT MOCTOSTHHBIN TIepeTaji IaBJIeHUs 1 TI0-
CTOSTHHBII BHEIITHUI aBTOPUTET Ha KJIATlaHe PEeTyJIsiTopa TeI0OBOTo MOTOKA §,
co3/1aBasi HAWJTy4IIe YCJIOBUS pPerympoBanust. OrpaHMIUBaET COBMECTHO C
8 MakcHMasIBHBIN pacxoj TemoHocuTesst y aboHenTa. ObecrieunBaeT Mexa-
HITYECKYI0 PaboTOCIOCOGHOCTD JIEKTPONPUBO/IA KiIallaHa 8, T. K. TTOoIepsKi-
BaeT MOCTOSTHHBIH Tepena/] IaBIeHUs Ha 3aTBOPE KJIarnmaHa 8, paBHbIH pacyer-
HBIM ycoBusiM. Eciii peryisaitop 7 0TCyTCTBYeT, TO KoJIeOaHUs JaBJICHUsT B
TEITOCETH MEPEIAOTCST Ha TIPUBOJL PEryJisiTopa 8, yXyiiias ero paboTocnocob-
HOCTh. Hauxy M BapraHTOM sIBJISIETCSI [TPEBBIIIEHNE IaBIeHUs B TPYOOIIPO-
BO/JIe HaJl ycuyIieM IpuBoia. Ecyin y TpuBo/ia OTCYTCTBYET OTKJIIOYAIOTIAs 3a-
IIIUTa B 9TOT MOMEHT, TO OH cropaet Jibo paspyinaercst. [Ipusosl «/ardoces
HUMEIOT 3aIUTHYTO (PYHKIUIO OT Ype3MePHBIX ycumid. [Ipu mponaganm aJiek-
TPOSHEPTUH TIPUBOJ] 3AKPBIBACTCS VISl TIPEIOTBPAIICHUS PAa3PYIIEHUsT CUCTe-
MBI OTOILJIEHHSI OT H3OBITOUHOIT TeMIIEPATyPBI TEIIOHOCUTEJISI B COOTBETCTBHUN
¢ [3; 8]. Ecaim oTcyTcTBYeT Takast yrpo3a, TO IPUMEHSIOT KJIalaHbl C HOPMaJib-
HO OTKDBITBIM 3aTBOPOM JIOO MPOMEKYTOUHBIM PACIIOJIOKEHUEM 3aTBOPA
TIPY TIPOTIAJIAHUH DJICKTPUIECTBA.

8 — KJamaH peryJsropa TEIIOBOro NoToka. M3mMeHsieT mojiauy TerioHo-
CUTEJIST U3 TETIOCETH IS TIOAMETTUBAHUS € OXJIAKIAEHHBIM TEIIJIOHOCUTEJIEM
u3 obparHoro TpyGoNpoBoja, obecrieurBas TpeOyeMyIo TeMIepaTypy Terio-
HOCUTEJISI Ha BXOJIe B cHCTeMYy OToIuieHust. Kimanan peryaupyercst a1eKTpo-
MPUBOIOM (AKTyaTop), KOTOPBIN YIPABJISETCS 3JEKTPOHHBIM PETYJISITOPOM
ECL. ITpuBoj BLIOUPAIOT MEIJIEHHBI — CO BpEMEHEM IIepeMEIeHs [ITOKA,
Hampumep, 14 ¢/MM. ITO BBI3BAHO TeM, YTO CHUCTEMa OTOIJICHUS SIBJISIETCS
UHEPIMOHHBIM 00BEKTOM PEryJUPOBaHUsT 1 He TpeOyeT MIHOBEHHOTO M3Me-
HEHUS [TapaMeTPOB TEIJIOHOCHUTE ST, KpOMEe TOTO, P 9TOM He 00pasyoTcst
TUIPABJIMYECKUE YAPDL.

9 — oanekrponnsiii peryastop (ECL). Ynpasiser temmepaTypoii
TEIJIOHOCUTEJISI Ha BXO/IE B CUCTEMY OTOILJICHUS TI0 IATYNKY TemrepaTypbl 10.
PerynmpoBanue oCymiecTBISIETCS TI0 3alIPOTPAMMUPOBAHHOMY TeMIIEPaTyp-
HOMY TpauKy IyTeM COMOCTABIEHUS € TIOKA3aHUSIMU TeMIIePaTypbl HapyK-
HOTO BO3JLyXa fpyy OT ATYHMKA TEMIIEPATyPbl HAPYKHOTO Bo3ayxa 11, a Takike
10 3aI[POrPAMMHUPOBAHHOMY 9HEProcheperamIneMy PesKUMy — HOYHOMY CHU-
JKEHUIO 9HEPTOMOTPeOIeHUS CHCTEMOI OTOIUIEHHST, CHIKEHUIO 9HEPTonoTpes-
JICHUST B BBIXO/THBIE THU... KOpPEKTUPYIOT yIpaBeHye (JIONOJTHUTEbHbIE (hYHK-
1 (0NN ) H300PaKEHbI IyHKTUPHBIMU JIMHUSAMMI) [0 TEMITEPAType Terio-
HOCHTEJISE B 00paTHOM TPYOOITPOBO/IE COITIACHO TIOKA3aHMsIM JIaTIMKa TeMIepa-
TypbI 12 1160 110 TEMIIEpaType BO3/yXa B OMEIIEHNH ¢j, COTTTACHO MTOKA3AHISIM
JIaTYNKa TeMIiepaTypbl BHyTpeHHero Bozayxa 13. Ilpu atoMm peryimpoBanue
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110 YKa3aHHBIM JIATYNKAM SIBJIIETCS MPUOPUTETHBIM. Kpome perysimpoBanus
CUCTEMBI B OTONTUTEIBHBIN TIEPUO/T, STEKTPOHHBIN PETYJISTOP TIPE0TBPAIaeT
3a/lMIIaHKe [ITOKA KJallaHa peryJisitopa TelJIoBoro 1oToka 8 u Basa Hacoca 20
B HEOTOITNTEJTHHBIN TIEPUO/T, TIEPUOINIECKH BKITIOUAst UX HAa KOPOTKUH ITpoMe-
JKYTOK BpeMeHH (OIMH Pa3 B TPOE CYTOK Ha OIHY MUHYTY). DTU (DYHKIUU SIB-
JISTIOTCSI JIOTIOJIHUTEIbHBIME OIIMSIMU 1 PEATTU3YIOTCS TIPH HEOOXOAUMOCTH
ITyTeM MTPOrPaMMHUPOBAHUS 3JIEKTPOHHOTO peryJigTopa. Hampumep, anmsonn-
YecKoe BRITIOUYEHNE HACOCA PEKOMEH/IYETCST OCYTIECTBISATh B OGO crcTeMe
OTOILJIEHUS. IDIM30JMYECKOe BKJIIOUEHME PeryJssTopa TEeIIOBOrO I10TOKA —
takske. [Ipy aTOM ocylecTBIAeTCS MUHUMU3A1Ks JIOIIOJHUTEILHOTO Pacxo/ia
TEIJIOHOCUTEJIS IIyTeM aCUHXPOHU3AIMK BKIIOYEHNSI HAcoca U KJlallaHa.

10 1 12 — maTyuk TeMIepaTypbl TEIUIOHOCHUTENSI. AHAJIOTHYEH OTHca-
Huto gaturka 6. JaTunk 10 HeoOXOAUMO YCTAHABIMBATH B MAJIOM I[UPKYJIs-
[IIOHHOM KOJIBI[E — MESKLY TIeEPEMBbIYKAMU ¢ 0OPATHBIM KJIaliaHoM 22 1 ¢ Tiepe-
MTyCKHBIM KJIanaHoM 18. ITo 1mo3BoJsieT BOCIPUHNMATH TEMIIEPaTypy Terio-
HOCHTEJIST Ha BXOJI€ B CHCTEMY OTOTLIEHUS BO BCEX PeXMMax ee pPaboThI.
JlonoJTHUTEIbHBIE TaTYUKH CITOCOOCTBYIOT Gojiee OBICTPOMY U TOYHOMY
peryIupoBaHmio. YCTaHaBAWBast 3TH 0ba JATYNKA, TIOSBISETCS BO3MOXK-
HOCTH TTPUMEHEHUS TEMIIEPATYPHOTO METO/Ia HAa/IKN CUCTEMBI OTOTIJIEHUS
6e3 Kakux-J100 JIOTOJTHUTEIBHBIX H3MEPUTEIBHBIX TPUOOPOB, T. K. TEMIIe-
paTtypa TETUIOHOCUTENST B TPYOOIPOBOaX 0TOGPAKAETCsT Ha JNCTITEE JTEK-
TPOHHOTO peryisaTopa 9. TeMmepaTypHbIit MeTO/ Harboree TOCTOBEPHO TMO-
Ka3bIBAET COOTBETCTBHUE MOIITHOCTH CUCTEMbBI OTOTIIIEHUST TETIJIOTIOTEPSIM 371a-
Hus. [Ipumensior norpysxasie (ESMU) u maknagasie (ESM-11) matunxn.
Haxmamisie — Ha TpybOTIPOBOIAX MAIOTO AMaMeTpa. Takue AaTIUKY SBIIS-
10TCs1 HarboJree JIeNIeBbIMU 1 HauMeHee MHePIIMOHHbIMU. OHAKO OHU BOC-
IPUHIMAIOT TEMIIEPATYPy OBEPXHOCTH TPYObI, B TO BPEMsI KaK peryinposa-
HUE ZI0JKHO OCYIECTBIIATLCS 110 TeMIleparype Tellsionocuress. Kpome toro,
OHM TIOZIBEPKEHBI PA3PYIIEHUIO TETJIOBOCIPUHUMAIIEH TTOBEPXHOCTH TIPHU
HEYMeJIOM OOpaleHnn: CMENEHNT 3aKPETIIEHHOTO TATYMKA ¢ MECTA TMYTEM
[OBOPOTa BOKPYT TPYOBI IGO0 MPOTATHBAHUK BAOJb TPYOb. [ToaToMy maxe
MIPU MAJTBIX IMaMeTpaxX PEKOMEH/IyeTCsT HAWTH BO3MOXKHOCTH YCTAaHOBKH T10-
IPY/KHBIX JaTYMKOB, HAIPUMeEpP, Ha u3rube TpyOOIPOBO/A, TO3BOJISIONIEM
BBApUTD TUJIb3Y HA BCIO JIVTUHY.

11 — maryuk Temneparypbl Hapy:kHoro Bo3ayxa (ESMT). [Ipencrasos-
eT coboit TepMOMETP COTTPOTUBIIEHNS, 06ECTIEUNBAIONIIET I3MEHEHIE COTPO-
TUBJIEHNS TTPOMOPIIMOHAIBHO TeMIlepaType Hapy KHOro Bosayxa. /locturator
3TOTO MCTIOTH30BAHUEM TIJIATMHOBBIX TIPOBOTHUKOB, MEIOIINX JTNHEHHYTO 3a-
BUCHMOCTb, KOTOPasT TIPEHeGPEKIMO MaJIO U3MEHSIETCST OT JTHHBI KabeJtst. Y cra-
HABJIMBAIOT Ha HAPY’KHOU CTeHe 3/1aHUsl C CEeBEPHOI CTOPOHBI, He JOILyCKas
BO3/ICHCTBU TEILIOBOIO 1I0TOKA OT OKOH, /IBEpeli, Ta30X0/10B...

42



COBPEMEHHbIE TEMAOBBIE MYHKTbl. ABTOMATUKA W1 PEFYAMPOBAHME M

13 — maruyuk Temmeparypbl BHyTpeHHero Bo3ayxa (ESM-10). Ilpen-
craBisieT cobOi TePMOMETP COTIPOTHBIIEHMS, 0OECTIEUNBAIONINT N3MEHEHE
COTIPOTHBJIEHNS TIPOMIOPIIMOHATBHO TEMIIEpaType BHYTPeHHETo Bo3ayxa. /lo-
CTUTAIOT 3TOTO MCIIOJIb30BAHNEM TIATUHOBBIX ITPOBOIHUKOB, NMEIOIINX JIN-
HEIHYI0 3aBUCHMOCTD, KOTOPas TPEHeGPEKIMO MAIO H3MEHSIETCST OT JITTUHbI
KabeJst. Y cTaHaBIMBAIOT ATYNK HA BHYTPEHHEH CTeHe OIHOTO U3 TOMETIEeHIT
3/IAHNS C XapaKTEePHBIM TEMIIEPATYPHBIM PEKIMOM.

14 — peryympyiomuii BEHTWIb CHCTeMbI oToILIeHus. [Ipenasnayen 1
HAJTA/TKU CHCTEMDI OTOTIJIEHNST C PYYHBIMI GATAHCUPOBOYHBIMHU KJTATAaHAMH Ha
CTOsTKaxX JIH0 Ha PUOOPHBIX BETKAX. B crcTeMax ¢ aBTOMATHIECKUMU Pery-
JIITOpAMH TIepemajia MaBieHus (BYXTPYOHBIMU CHCTEMAaMU C TIePEMEHHBIM
TUIPABIMIECKAM PEKUMOM ) THOO aBTOMATHYECKIMI PETYJISITOPAMHU PACXO/IA
Ha CTOSIKAX WU Ha IPHOOPHBIX BeTKaX (IBYXTPYOHBIMIU JINGO OTHOTPYOHBIMIT
CHCTEMaMH C TIOCTOSTHHBIM TH/IPaBJINYECKUM PEKIMOM) TOT KJIAllaH He ycTa-
HaBJWBAIOT. Ero GYHKITMN BBITIOTHSIOT YKa3aHHBIE AaBTOMATUIECKIE PETYIISITO-
pol. B HE6OMBIIIX cricTeMax OTOTLIEHTS, T/e HATAIKA MOKET OBITH OCYTIIECTB-
JIeHa JIUTITh PETYIUPYIONNMI KIATAaHAMU Ha CTOSKAX JUO0 Ha TPUOOPHBIX
BETKaX, 3TOT KJIAIaH TakKe He YCTaHABJAMBAfoT. Kiaman pasMeniaoT /10 mepe-
MBIUKH C MEPEYCKHBIM KaanaHoM 18. 1o crocoOCTByeT yIydIieH o Xapak-
TEPUCTUK PETyJINPOBAHNS PATNATOPHBIX TEPMOPETYIIATOPOB (TIOBBITIEHNTO FIX
BHEIITHETO aBTOPHUTETA), HO TPeGYET YCTAHOBKU OTKJIIOYAIONIETo Kiamana 16
Ha TOZIaio1eM TpyOOTTpoOBOIE.

15 — npeoxpaHuTeNbHbIN KiaanaH. [IpeiHasHavyen /st 3anuThl CUCTEMBI
OTOTIJIEHUST OT BO3MOKHOTO TTPEBDITIEHIS M30BITOUHOTO TABIECHUS Hal pabo-
YUM JTABJIEHUEM TIPH HecpabaThIBAHUN aBTOMATUYECKUX KITamaHoB. [1pemmoy-
TUTETHLHOE PACTIONIOKEHNE KITallaHa — Ha 00paTHOM TPyOOTIPOBO/IE CO CTOPOHBI
CHICTEMBI OTOTIJICHNS /10 OTKJIoUatonieii apMaTypsr 16. [1pu atom ecomt mporc-
XOIUT COPOC TETIIOHOCUTETISI, TO — OXJTaskAeHHOT0. COPOC PEKOMEH/TYETCST OCY -
ITIECTBJIIATD B CTIENNATbHBIE HAKOMHUTETbHBIe eMKOCTH. B kpaitHeM ciydae — B
KaHAJTI3AIINIO.

16 — oTkmouyalomiasi apMarypa cucrtemsl oromienus. [Ipenrnaznauena
IUIsT OTKJTFOYEHUST CHCTEMBI OTOILIEHWST W TIPEIOTBPAIICHUS TIOTAIaHms 3a-
TPSIBHEHHOTO TETUIOHOCUTEST TIPY TIPOMBIBKE CHCTEMBI B 000PY/IOBAHTIE TETLIIO-
BOTO y3J1a.

17 — cmyckuble (qpeHakHble) KpaHbl. [IpesiHa3HAUEHBI /7T OTIOPOsKHE-
HUS CUCTEMBI OTOTIJICHUS. [IpIMeHSTIOT Tak:ke AJIsT TOKJIIOUEHIST KOMITpec-
COPOB TIPU TTPOMBIBKE CHCTEMBI OTOTIJIEHTS, & B HEGOIBIINX CHCTEMAX — JIJIsT
TUAPABIMYECKOTO MCIIBITAHWS. Y CJTOBHBIN MPOXO KPAHOB PEKOMEHIYETCS
puMeHsTh 110 nipusoskennio 10 [3].

18 — nepenyckuoii knanan. ObecrneunBaeT MUPKYJIAIIIO TEITIOHOCH-
TeJIS TI0 MAJIOMY TTUPKYJISIIHOHHOMY KOJIBITY (depe3 cebst) TPH 3aKPBITHIX
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TEPMOPEryJISATOPaX ABYXTPYOHOI CHCTEMBI OTOIICHHSI C TIEPEMEHHBIM TH/IPAB-
JIMYECKUM PEKIMOM. B 3TOT MOMEHT KJIallaH peryJsiTopa TerioBoro moToka 8
3aKPBIBACTCS, T. K. TEMIIEPATyPa B MAJIOM IUPKYJISIIHOHHOM KOJIblle Oyaer
MOCTOSIHHA U paBHa TpebyeMoMy 3HaueHHr. KpoMme Toro, JaHHbIH KJarnaH
cTabMIM3UPYET JaBJICHHUE TEIJIOHOCUTEJIS, YaCTHUHO YJIyuliiast paboTy TepMO-
PEryJIsTopoB (TOJBKO MPHW WX 3aKPbITUN). [IpUMEHSIOT TIPU MCIOJIh30BaHUT
AaBTOMATHUYECKH HEPETYJIMPYEMbIX HACOCOB, HECIIOCOOHBIX PabOTATh IPU HYyJIe-
BOM pacxojie. B ofHOTPYyOHBIX 1 ABYXTPYOHBIX CHCTEMAX OTOIJIEHHUST € IIOCTO-
STHHBIM TH/IPABJINYECKUM PEKUMOM HE YCTaHABJIMBAIOT.

19 — nyckogroii Gaiinac ¢ 3anopHbiM KpanoM. [IpeHasHAYEH ISt 3a110J1-
HEHUSI CHCTEMbl OTOTLJICHHUSI, OCYIIECTBJISEMOrO U3 O0OPaTHON MarucTpajiu
tersiocet. Ero mpuMenenne HemomycTuMo [3], o/lHAaKO OH BCTpedaeTcs Ha
MPAKTHKE JIJIST TPEOTBPAIIEHUS 3arpsI3HEHIST HACOCHOI TPYTINBI TIPU 3aI10JI-
HEeHUM crcTeMbl. [Ipu pasMeriieHnu Ha 00paTHOM TPYOOIIPOBOJIE TPSI3EBUKA 2
n ubrpa 3 (M300pasKeHbl MYHKTUPHON JIMHIEH ) HEOOXOAMMOCTh B IYCKO-
BOM Oaliltace OTIajiaer.

20 — HacocHas rpynma. OcyniecTBsgeT MUPKYJIAINUIO TETVIOHOCUTES B
cucTeMe OTOIJICHUS.

VY paccmatpuBaemMoro aboHeHTa JaBJeHKUe TEIJIOHOCUTENSE B 0OpaTHOM
Mmarucrpaiu cocrasister 0,3 MIla, uTo He npesbinaeT pabodyero AaBJaeHus B
3JIEMEHTaX CUCTEMbI OTOTIeHUS. Eciii mMeeTcs 1peBbIlieHue, TO ero CleryeT
YCTPaHATb JIaBIeHUEM, pa3BUBaeMbIM HacocoM. Hanpumep, B cricteme oTore-
Hust paGouee gasienune pasao 1,0 MIla, a B o6parsoil maructpaiu — 1,3 MIla.
3HauNT, JaBJIeHNE, Pa3BUBaeMoe HacocoM, ¢ ydetoM 3amaca B 1,1...1,15 pasa
noskHO ObITh He MeHee 1,1...1,15(1,3 — 1,0) = 0,3 MIIa. Kpowme Toro, crexyer
yCTaHOBUTBH 0OpaTHbIN Kianan 21 Ha oOpaTHOI MarucTpain (IOKa3aH MyHK-
THPOM, KaK BO3MOJKHBIH BaAPUAHT YCTAHOBKH), cpabaThIBAIOIIHiT TIPH 06eCTO-
YUBAHUN HACOCOB. EC/IM TIPUMEHEH y3eJ1 3aTI0JHEHUs] CUCTEMbI ¢ 0OPaTHBIM
KJIamanoM 1 (UIBTPOM Ha BpesKe, TO kiaanaH 21 HeoOXOAUMO [OCTABUTh 3a
3TUM y3JioM (10 XOJIy ABUKEHUS TersioHocuTesst). OIHaKO, ¢ y4eTOM HecTa-
GUIIBHOTO HJIEKTPOCHAOKEHNST HACOCOB, 11eJIeCO00PA3HO TIOKIIOYEHUE TAKOTO
abOHEHTa 110 He3aBUCHMOil cxeMe.

22 — oOpatHblii knanaH. [IpegoTBpalaer neperekaHue TerIOHOCUTEIS
U3 MO/IAI0IIETO TPYOOIIPOBO/IA TEIIOCETH B OOPATHBII.

Hoaxmouenne adonenta <II».

Otimune aboHenta «II» ot abonenTa «I» 1o puc. 2.7 3aKJI0YAETCS B TOM,
YTO BBICOTA 3/[aHNsI BBIXOAMT 3a MIPE/IeJIbl JIUHUK JaBJIeHNsA B 0OpaTHON Maru-
CTpaJIv TETIJIOBOM ceTu. B aTOM ciiyuae CTaTHYecKoe JaBJIeHe B CHCTEME OTO-
IUIEHWSE TIPEBbINIAET JaBjeHre B 06paTHOI MarucTpaiu. BosHuKaeT BeposT-
HOCTh OTIOPOJKHEHUSI CUCTEMBI OTOIJIEHUS Yepe3 0OpPaTHYI0 MarucTpasb.
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Puc. 2.9. Cxema 3aBUCHMOIO NOAKAIOYEHMS aboHeHTa «lI» no puc. 2.7

[IpenoTBpamaioT Takyio CUTYalnIo yCTAHOBKOH PeryasiTopa aBJIeHus "0 ce-
651" — peryasaropa noanopa 23 (puc. 2.9). Cieayer uMeTh B BUJLY, 4TO €CJIH
HeT He0OXO/IMMOTO JIABJIEHUSI B TEILIOCETH JIJIsT 3AIIOJTHEHUST CUCTEMBI OTOILIE-
HUS, TO JAHHBIM PEryJIsaTop He TTOMOKeT. T. e. Tojiep;kuBaeMoe UM JJaBJjicHIe
He BBIIIE JaBJeHus B nozamoiieM Tpybornposoje. CosnaBaeMoe B mporecce
paboThl JAHHOTO PETYJIATOPA THPABIMYECKOE COMPOTHBIIEHUE JOJFKHO OBITH
He MeHee Pa3HOCTH MEKIY THAPOCTATUYECKUM JIABJIEHUEM CHCTEMBI OTOILIe-
HUsA, YBEJIMYEHHBIM Ha 5 M, ¥ JIaBJieHueM B o6paTHoi Maructpaiau. [Toatomy
1o00p AHHOTO KJIANaHa CJIeyeT OCYHIECTBIATD 110 TIPOMYCKHON CIIOCOOHO-
CTH, OTIPE/IEJIIEMOM pacCYeTHBIM PACXO/IOM TEIITIOHOCUTEJIS, M YKa3aHHOM pas-
HocTH laBienud. [1o aToii ske pa3HOCTH JaBJICHIS U HACTPAMBAIOT KJIATIaH. 3a-
ac JIaBJIEHUST B 5 M HEOOXOIUM JIJIsT HEJIOTYIIIEHUsT BCKUTIAHUST TETLJIOHOCHTE-
JiS B BepXHEH TOYKe CHCTEMbI OTOIIEHUS. B 3aKpBITBIX cHCTEMaX OTOIJICHUS
€ro IPUHUMAIOT He MeHee 2.3 M.

Heo6x0auMocTb Toro, 4To6bl TOT PErYJISATOP MOANOpa GbLT aBTOMATHYE-
CKHM, T. €. C TIePEMEHHBIM COTIPOTHUBJIEHNEM, 00YCIIOBJIeHa KoJiebaHueM JaBJie-
HUsA B 06paTHOM TPYGOIPOBOJIE TEIIOCETH, KOTOPOoe TpeOyeTcst HUBEIUpO-
BaTh. [Ipu nmajleHnn aBieHUss OTHOCUTENBHO PACUETHOTO 3HAYEHUS KJlallaH
MTPUKPBIBACTCS, YBEJTMUNBAS COMPOTUBIICHNUE U cOXpangds noanop. C nosblie-
HUEM JIABJIEHWsI B OOPATHOI MarucTpasv TEIIOCeTH OTHOCUTENIBHO PACUETHOTO
3HAYEHUA KJIAllaH He OCYIIECTBIISET PEryJInpOBaHue, HAXOIACh B MAKCUMAJIb-
HO OTKPBITOM OJIOKeHNU. B TaHHOM ciiydae HeT HeOOXOUMOCTH B PETYJIUPO-
BaHUH, TOCKOJIbKY CO3/IaBaeMOE COTIPOTUBJICHUE KJIallaHa B TIOJTHOIIPOXOHOM
HOJIOKeHUH GyJIeT MPEBOCXOAUTH TPeOYeMyto PasHOCTD JaBJeHHsl, TIPeIoT-
Bpallas Onopo;KHEHNE CUCTEMBI.
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OreuecTBeHHas MpaKTHKA MoA00pa KaamnaHa 23 HECKOJBKO OTJIMYAeTCsT
oT BbllieyKazaHHoi. OHa OCHOBaHa Ha OIIPe/IeIEHIH TIPOITYCKHON CIIOCOOHO-
CTH KJIaTlaHa TI0 PACYETHOMY PACXO/y U Mepernajy JaBjieHus Ha HeM B 0,3 M.
HacrpauBaemblil riepenia/] aBIeHUsT Ha KJIATTaHe PaBeH PA3HOCTH MEXK/LY TH/I-
POCTATUYECKUM JIaBJIEHHEM CUCTEMbI OTOIUIEHUs, YBEJIMYEHHBIM HA 5 M, U
JaBjieHreM B oOpatHOil Marucrpasiu. [Ipu takoM meperaje MaBIeHHs! ITOK
KJIalaHa BBIBOJIUTCS B IPOMEKyTOUHOE pabouee moJiokerue. PerymmposaHue
JKe OCYIIECTBIISIETCS KaK MTPY YMEHBIEHUH, TaK W TIPU YBEJTMUEHUN JIABJICHUS
B 06patHOM Tpybomposoje. OTndre pe3yIbTaToB JaHHOTO MeTo/a Moadopa
KJIAllaHa OT PACCMOTPEHHOTO BBIIIIE 3aKTIOUAETCSI B OTYYEHUH GOJIBIIEr0 THITO-
pasMepa KJjanaHa ¥ yBeJUYEHUH MOTPENTHOCTH peryaupoBanust. [lepsoe yT-
BEPIKJIEHNE OCHOBAHO HAa TOM, YTO BBIOMPAIOT KJIamaH ¢ GOJbINeil MpoIycK-
HOH CIIOCOGHOCTBIO, T. K. TPUMEHSTIOT MEHBIIHIT TIeperaj gaBjieHus. Bropoe —
MOTPENIHOCTD PErYIMPOBaHUsI TeM GOJIbIIE, YeM HUKE HAXOAUTCS ITOK KJla-
raHa.

OreuecTBeHHAsT IPAKTHKA TIPUMEHEHUS PETyJIsITopa AaBjieHus "o cebs”
23 oTaMyYaeTcst TakKe TEM, YTO BMECTO PETYJsITOpa Tepernaja MaBjacHus 7
yCTaHaBJIUBAIOT PETYJISATOP AaBjieHus "Toce cebs”. Takoe coueranue Kiara-
HOB (peryJisiTop "mocJie cebst” Ha MoatoIeM U peryJisaTop 1o cebst” Ha obpar-
HOM TPyOOIIPOBOIaX ) BHITIOJIHSIET Bo3JiaraeMble (DYHKIIMU Ha PEryJIsSITOP Hepe-
Na/ia IaBJIeHWsT 7 — MpeloTBpalle e pa3peryJInpoBaHus CUCTEMBI TETLIO-
cHabskeHust, obecrieuernue a(hEKTUBHOI paboThI PErYJISITOPa TEIJIOBOTO MTOTO-
Ka 8 u cucrembl oTorieHust. OTHAKO CIEYyEeT UMETh B BUJLY, YTO PETYJISTOPHI
MPSIMOTO JIEHCTBUS UMEIOT 30HY MTPONIOPIIMOHAIBLHOCTH, KOTOPAs YBEJTNUNBa-
€TCsI ¢ BO3pAaCTaHUEM aBTOMATHUYECKH MOJIEPKUBAEMOTO JlaBieHust. KakIpii
us peryJsatopos ("mocse cebs” u "o cebs") HeoOXOAMMO HaCTPauBaTh COOT-
BETCTBEHHO Ha JIaBJIeHNE B MOJAoIIeM 1 0O6paTHOM TPyOOoIpoBojiaX. 3Haue-
HUSI ATUX JTABJIEHUI BBIIIIE, YeM 3HAUCHIME TIEPerna/ia IaBJIeHUs HA PETYJISTOpE
nepenajga AaBieHust 7. DTO 03HAYAET, UYTO OTKJIOHEHUE aBTOMATUIECKHU IO/
JIEPKUBAEMOTO JIaBJIeHusT AByMs peryisitopamiu ("mocsie cebs” u "o ceds™) Oy-
JIET BBIIIIE, YeM Y PeryJisTopa nepernajia fasiaeaus 7. [loaromy npeamnoaruress-
Hee KOMIIOHOBKA CXeMbl PEryJIITOPOM JiaBiieHus "o cebst” 23 U peryJisiTopoM
Tieperna/ia IaBJaeHns 7, 4To ToKa3zaHo Ha puc. 2.9.

Hoaxmouenne adGonenrta <III».

3manvie Tperbero aboHeHTa (prc. 2.7) UMeeT BBICOTY, TPEBBIIIAIILYO JIU-
HUIO JIaBJIeHNsT B 0OPaTHOI MarvCTpaId ¥ JIMHUIO CTaTHYECKOTO JaBJICHUS B
TETJIOBON ceTu. B aToM ciryyae MOKET TPOM30UTH OMOPOKHEHNE CUCTEMbI
OTOIIEHUS KaK yepe3 00paTHyIo MaruCTpasib, TAK U YePe3 MOAAOILY 0. Sallfi-
TY OT OTIOPOKHEHUS Yepes 00PaTHYI0 MaruCTpajib OCYIIECTBIISIIOT aHAJIOTHY-
HO PacCMOTPEHHOMY crioco0y ist aboHeHTa «I1» — yCTaHOBKOIA peryJsitopa
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nasseHus "o ce6s” 23 Ha o6paTHOii MarucTpasu. Yepes MogaIyo — ycra-
HOBKO# 00paTHOro Kjianana 24 Ha nojarouiei marucrpamu (puc. 2.10).
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Puc. 2.10. Cxema 3aBMCMMOrO MoaKkAlodeHust aboHeHTa «lll» no puc. 2.7

B oTeuecTBeHHON MIPAKTHKE IPOEKTHPOBAHUS MECTO YCTAHOBKI 0OPaTHOTO
KJIaTTaHa Ha TIOJIAIOIIEN MarucTpaau He sBIsieTCsT PUBsI3aHHbIM. OHO MOKET
OBITh KaK MOCJIe KJIalaHa peryJisitopa TerioBoro moroka [19], Tak u 1o pery-
ssitopa gasnenust [17]. TocseqHuii BapuaHT siBjisiercst HanboJiee pejoyTH-
TEJIbHBIM TIPU MCTIOJIb30BAHUN KJIATIAHOB JIJIST PETYJISITOPOB TEIIJIOBOTO MMOTOKA
C JIMHEWHOW PacXofHON XapakTepucTuKou. [Ipm mcmosb3oBannm KJamaHa
(perysigaTopa TETIOBOTO MOTOKA) € JIOTapU(MUUIECKON XapaKTePUCTUKON U
HeOoOXOMMOCTH €€ THAPABINYECKOTO BhIDAaBHUBAHUS CIIE/[yeT YCTaHaBIMBATh
00paTHBIN KJIaaH MesKLY PEryJasiTopoM Tepenaia JaBJeHus U PeryIsiTOpoM
TETLIOBOTO TIOTOKA. JTO MO3BOJIUT MOKOPPEKTUPOBATH PACXOHYIO XapaKTe-
PHCTUKY KJIallaHa PEryJisiTopa TeIJIOBOTO TIOTOKA COMPOTUBJIEHHEM 00paTHO-
To KJIanaHa 1 J0CTHYb JIO0 MPUOIMBUTCS K TPeOYeMOl JIMHEHHOCTH PeryJIi-
POBaHUS.

Hoaxmouenne aGonenta «IVs.

Jlauubiii aboteHT (puc. 2.7) pachosioKeH BbIIIE JUHUK JABJICHIS TEl-
JIOHOCUTEJIS B TTofIaforelt MarucTpann reriocet. OH MOIBEPIKEH OTIOPOIK-
HEHUIO CUCTEMbI OTOTIEHNS Yepes TOAAoILy 0 i 00paTHY0 MarucTpaii. 3a-
ITUTY OT OTIOPOKHEHMST OCYIIECTBIISIOT aHATOTMYHBIMI MEPaMHU, TTPe/ITpH-
HaATbIMU 151 abonenTa «I1I». Kpome Toro, B cxeme nojak/odenns aboHenTa
«IVs» (puc. 2.11) mpexycMoTpeHa 3amuTa OT OOPOKHEHUS TIPH ee oTceve-
HUW OT TerioceTn (aBTOMATUYECKOM 3aKPBITUN PETYJSITOPA AaBJIeHUS "0
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cebst” 1 06paTHOTO KJIanaHa BO BPeMst THAPABINYECKIX HAPYIIEHUI B TEILIO-
ceTw) MmyTeM OOyCTPOMCTBA MOANMMTOYHOM JUHUKM 25 ¢ aBapUITHBIM TTO/IIH-
TOYHBIM HacocoM 26.

26 — moANMTOYHBIN HAacoc. ABTOMAaTHYECKHN BKJIOYAETCS TPHU TaJleHun
JIaBJIEHKsI B TOJAOIIEM TPYOOIPOBO/IE HUKE IMAPOCTATHUYECKOTO JaBJICHUS
CHCTEMBI OTOIIEHUS, YBeJIMYeHHOTo Ha 5 M. IIpomsBoanTesnbHOCTH Hacoca
MIPUHUMAIOT PaBHOW 2 % BOIOEMKOCTH CHCTEMbI OTOIIIEHHUs 3a yac. Hamop —
PaBHBIM T'H/IPOCTATHYECKOMY JIABJIEHUIO CUCTEMbBI OTOTIJICHS, YBEJTMIYEHHOMY
Ha 5 M ¥ YMEHbBIIEHHOMY Ha TapaHTUPOBAHHOE TEILJIOCETHIO (HAIIpUMep, T
cormacoBanuio ¢ "Kuesatepro" — 20 M) MUHIMAJIBHOE [aBJICHIE B 0OPaTHOM
TPyGOTIPOBOTIE.

27 — peryasiTop aaBjeHus "mocie cedst”. Y CcTaHaBIMBaroT MOc/Ie TTOIIH-
TouHOTO Hacoca 26. TIpeycMOTpeH Jist yeTpaHeH s KoleOaHuil 1aBIeH s, B
TOM YHCJI€ U OT BO3MOKHOT'O TIOBBIIIEHNSI TAPAHTHPOBAHHOTO JABJICHUS, B 00-
PaTHOI MaruCTpaid TEMIOCceTH. BhIOMPAIOT 10 MPOIYCKHOU CIOCOOHOCTH.
HactpauBaior Ha aBTOMaTHUYECKOE MOZIEPsKAHNE JIABJIEHUS, PABHOTO THIPOCTA-
THYECKON BBICOTE CHCTEMbI OTOTIJIEHISI HAJl Y3JI0M BBOJIA, YBETNUEHHOM Ha 5 M.
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Puc. 2.11. Cxema 3aBUCUMOTO NoAKAloUeHHst aboHeHTa «IV» no puc. 2.7

Ecim y aborenTa «IV» B mmojiarorieM TpyGoIpPOBO/IE HEZIOCTaTOYHOE [aBJie-
Hue 151 obecriedeHrst TpeGyeMOro CMEIIEHNsT TEeTJIOHOCUTEIST, TO €0 CIIEyeT
MOBBICUTH TyTeM MOBbIEHUs Haropa Hacoca 20. OH J0JDKEH BBITIOTHATH
[UPKYJISITMOHHO-TIOBBICUTE/IbHBIE (DyHKIIUU. [laBiieHue, pazBuBaeMoe WM,
BBIOUPAIOT PABHBIM CYMME MOTEPH JAABJICHUST B CUCTEMe OTOIJICHHS C 3aITaCOM
B 1,1...1,15 pasa u HezpocTAIOIIETO TIepenaa AaBjaeHust B veit APy (puc. 2.7).
[Mocnenawii onpesensioT pa3HOCTbIO MEKIY CTATUIECKOM BBICOTOW CUCTEMBI
OTOIUIEHUs] U JIMHUEH JaBjieHusl B MOJAIONIEN MarrCcTpajii TEIIOBOU CeTH,
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VBEJUUYEHHON Ha 5 M IS TPEJOTBPAIEHUsT BCKUIAHUS TEIIOHOCUTENS B
BEPXHEN TOUKe cucTeMbl oTorieHrs. OTHAKO B 9TOM cJIydae, TakyKe Kak U [pu
U30BITOYHOM JaBJICHUM B 0OPaTHOW MarvcTpaau (YuTail moak/IoueHne abo-
HeHTa «[») JydnmmM TeXHIUECKUM pellieHueM SIBJISIeTCST TPUMEeHeHne He3aBu-
CHUMOTO TTOKJIIOYEHUSI,

HeszaBucumoe noakmodenne aboueHToB «L...IV».

st 3manmii Beimre 16 aTaxkelt, Kak MPaBUJIO, TPUMEHSTIOT HE3aBUCHMOE
IIPUCOEIMHEHNE, JTAsKe €CITM MCXOIHBIN The30MeTPUUECKUii rpaduK Terioce-
TH TIO3BOJISIET TIPUCOEIMHUTD CUCTEMY OTOIUIEHHUST 110 3aBUCHMOI cxeme. AGo-
HEHT C HE3aBUCHUMBbIM TIOIKJIIOYEHUEM SIBJISIETCST TUPABINIECKH N30 IMPOBaH-
HBIM KaK OT JIMHAMUYECKOT0, TaK U OT CTATHYECKOTO PEKUMOB TEILJIOBOI CETH.
Takast HeOOXOAMMOCTD BO3HUKAET, IIPEK/IE BCErO, IIPU JABJIEHUN B TEILJIOCETH,
MPEBBIMIAIONIEM JOIYCTUMOE pabouee JaBJeHUE B CHCTEME OTOILICHNS, a TaK-
JKe HaoOoPOT — MPU JABJIEHUN B CHCTEME OTOILIEHYSI, TPEBBIIIAOIIEM JOITYC-
TUMOE JIaBJIeHUE JIJIS TEIIOCETH WJIM JPYTHX CUCTeM aOOHEHTOB, KOTOPbIE
HOJAK/I0UeHbI K Hell. [ToakroueHe abOHEHTOB OCYIIECTBIISIOT 110 CXeMe, aHa-

JIOTUIHOH puc. 2.12.
13 U
/ i

\}
26
Puc. 2.12. Cxema He3aBUCUMOTO MOAKAIOUeHMst aboHeHToB «l...1V» no puc. 2.7
28 — TemwnooOMeHHuK. TIpenHasHaueH IS Mepeiau TeIIOBON SHEPTUH
OT CETEBOI BOJbI K TEIJIOHOCUTEJIIO CUCTeMbI OToILIeHus. Pacuer noBepxHoc-
TH HarpesBa BOJOBOJSTHOTO OI0TPeBATE/IS OCYIECTBIIAIOT ABaKAbL OUH pas —
110 TeMIIepaType TEIIIOHOCUTEIIS B TIO/IAloIeM TPyOOIIPOBO/IE TEILTIOBOIT CETH,
PaBHOI TemIiepaType B TOUKe M3/joMa rpadrka Temieparyp BOAbl UM MUHH-
MaJIbHOI TemIlepaType BOABI ITPU OTCYTCTBUM M3JIOMA IpaduKa Temreparyp.
Bropoii pas — 110 Temiiepartype Bojibl, COOTBETCTBYIOIIEH pacyeTHOI TeMIiepary-
Pe Hapy»KHOT'O BO3/1yXa [IJIs IPOEKTUPOBAHUS CUCTEMbI OTOILIeHUs. B kauecTse
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pacyeTHoOI MPUHUMAIOT GOJMBIIYI0 M3 BEJMYMH MOBEPXHOCTH TEMI00OMEHA.
Taxosbl TpeboBatus HopMarusa [3]. Ho B mocsientee BpeMs 13-3a OBCeMe-
CTHOTO HECOOJIOIEHNS TEMITEPATYPHOTO TpadrKa TEMJIOCETIME 1 M3-3a TO-
0, YTO TEIIOOOMEHHUK, PAaCCYUTAHHBINA 0 O0Jice BHICOKMM TeMIepaTypaM,
MMeET MEHBIIYIO TIOBEPXHOCTH TermooOMeHa B [20] peKOMEHIyeTcst OCyIecT-
BJISITH PACUET MOBEPXHOCTH TEIIOOOMEHA TOJIBKO MO YCJIOBHAM MEPEXOIHOTO
TepUoIA.

B cxeme Ha puc. 2.12 TerniooOMEHHUK PACcIioIOKeH B IIPEIesIax Pery/Iupy-
€MOTr'0 YYaCcTKa — MEK/Iy TOUKaMi 0TOOPa UMITYJIbCOB JIaBJICHHSI PETYIISITOPOM
nepenaza gasiaenus 7. CieoBaTeIbHO, TEIVIO0OOMEHHIK CBOUM COTIPOTHBJIE-
HUEM MCKa)KAeT PACXOHYIO XapaKTEPUCTUKY PEryJISTOPA TEIIIOBOIO MOTOKA
8. TIput 9TOM IS TOCTHIKEHMSI JIMHEHHOCTH PEryJIMPOBAHUS TEIITO0OMEHHI-
KoM (cMm. 11. 5.1.1) Heo6XoaMMO, YTOOBI PAcXOHAsT XapaKTePUCTUKA KJIaraHa
ObLia orapudMuUecKoii Jmbo eii mogo6HoN 1 6IM3KON K uaeanbHoit. Eciu
COTIPOTUBJICHNE TEITIOOOMEHHUKA OY€Hb BEJMKO U HE YAAETCs JOCTUYD JIH-
HEIHOCTU PETyJIMPOBAHUST €TO TEIJIOBBIM MMOTOKOM, TO PETYJSTOP Teperaja
JIABJIEHUST 3aMBIKAIOT Ha TIO/JIEPsKaHue Tieperajia IaBJIeHNs TOJbKO Ha KJara-
He PEryJIsiTopa TEIIOBOTO MMOTOKA, 00eciedrnBast BHEITHUN aBTOPUTET, PAaBHbIN
equnuiie (puc. 2.13,a). Beibop kianana — ¢ JMHEHOI, u6o Jorapudmuye-
CKOW XapaKTepUCTUKON — OCYTIeCTB-

Ty & T [ 10T B 3aBUCHMOCTH OT KPHBH3HBI
XapaKTEePUCTUKU TEIJI000OMEHHOrO

28_ 28_ npubopa. Ecin ona 6amska K inHeii-

HOIi, TO M KJIallaH J0JKEH UMETb JIN-

T B T8 HEWHYI0 XapaKTepucTuky. Ecam nc-
_ﬁ_ % | KpuBJeHa, — JOTapupMHUYECKYTO.
T2 t T2 o 3HauuTEJbHOE KOHCTPYKTUBHOE YII-
a 6 porenre cxeMbl (puc. 2.13,6) momy-

Puc. 2.13. ObecrieyeHme MAeaAbHOro YaloT C HCIOJIb30BaHHEM KOMOMHHM-
PEryAMpoBaHus POBaHHDIX KJIANAHOB 7+8, 00be s -
TenAOOOMEeHHMKa FOIMX (l)yHKLII/II/I peryJsaTopa repertia-

JIa TABJIEHUST ¥ PETYJISITOPA TETIOBO-
'O TIOTOKA.

29 — conenouanbiii kaanan®. HopmasbHO 3aKphIT. ABTOMATUYECKN OT-
KPbIBAETCsI CHHXPOHHO C BKJIIOYEHHEM TIOAIMMTOYHOTO Hacoca 26 1Ipu rmajieH
JIaBJIeHHsI B crcTeMe oTorieHus. Kianat no6uparoT 1o mpoIycKHOM criocob-
HOCTH paBHOMI 2 % BOJZOEMKOCTH CHCTEMBI OTOTIJICHHS 3a yac. /laBienHmne cpa-
GaTbIBaHMsI COJICHOM/IA IPUHUMAIOT PABHBIM THAPOCTATUYECCKOMY JIABJICHUIO

* — 3a1poc 0 TEXHUYECKO HHGMOPMAIHH 110 coleHonIHbIM Kitananam «/landoce» tumnos EV 220B u
EV 220B caenyer nanpasmats B otzen «[Ipombimientodi asromatkms kommanmn «/larngoce TOB».
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CHCTEMBI TIPK OTKPBITOM paciiupuTebHoM 6ake 31, b0 HadaIbHOMY DKC-
TIJTyaTallMOHHOMY JIABJIEHWIO TA30BOTO MPOCTPAHCTBA 3aKPBITOTO PACHIMPH-
TesbHOTO Gaka 32. IIpu atoM B Gake 32 ocTaeTcs pe3epBHBIIl 9KCILIyaTallnOH-
HBIIT 3a11ac BOJIbI, U €CTh BO3MOYKHOCTD BOCIIPHHUMATH 00beMHOE PACITpPEeHIe
TETIOHOCUTEJISI B CUCTEME OTOIJIEHUSI C COOTBETCTBYIONIUM YBEJTMYCHUEM
JIaBJIEHNST Ta30BOTO TIPOCTPAHCTBA /10 MAaKCUMaTbHOTO 3HaueHusd [18].

30 — Bomomep moamutku. [IpeaHasHauyeH Ui onpeneieHust oObeMa
TEIJIOHOCUTEJISI, PACXOyeMOTO JIJIsi 3alOJHEHUS CHUCTEeMBbI, a Takke
HKCIIyaTallMOHHOTO JNO0 aBapUiHOTO TOTPebJeHNsT TermIoHocuTest. B
HocJjieiHee BpeMsT TIOIMTOYHAS JTUHUSA 25 MIPETepreBaeT KOHCTPYKTUBHBIE
n3MeHeHus. VIHOTZIa ee yCTaHABIMBAIOT HA MOJAONIYI0 MarrCTpajib, 4TO
SIBJISIETCST DHEPro3aTpPaTHBIM PENIeHUEM, a, KPOMe TOTO, He COOTBETCTBYET
TeXHUKE (e30MaCHOCTH IyCKO-HAJIAJI0YHBIX PaboT, MOCKOJIBKY 3allOJHEHIe
CHCTEMBI JIOJDKHO OCYIIECTBJAATBCI ¢ OOPaTHOH MarvCTpajii OCTHIBIITAM
TenyioHocuTesieM. Tak, Harpumep, B [8] momyckaeTcs MOANMUTKA CUCTEM U3
HoJaIIero TpyoOIpoBoOAa TEIIOBOU ceT ¢ obecriedeHreM 3alluThl HTHX
ceTell OT MPEBBITIEHNS B HUX JIABJIEHUST U TEMIIEPaTypbl BOJIbL. IHOT/1a BMECTO
PETYJMPYIONNX KJIAMAHOB YCTAaHABIMBAIOT JINITh JIPOCCENbHYTO Auacdparmy.
IIpy 2TOM He YYUTHIBAOT KoJeOAHWS JaBJEHUS TEIJIOHOCUTENS B
TPyOOIPOBOAAX TEIJIOCETH ¥ BO3MOKHOCTD €0 3HAYMTEIBHOIO M3MEHEHUS
IIPU CTATUYECKOM PEKUME TETLITOCETH.

31 — oTkpbIThIA pacmMpuTenbHblii 0ak. IIpeanHasHadeH /I BMEIICHUS
u30BITOYHOTO 0OBeMa BOABI MPU ee 0OBEMHOM PACITUPEHIH, BOCIIOJTHEHUST
AKCITyaTallMOHHOTO PacXo/ia TETIOHOCUTEIS, & TAKKe /IJIsT BO3YXOY/IaJTeHNs
u3 cucteMbl. V3-3a TPOMO3JIKOCTH W B3aUMOJEHCTBUS € aTMOChepHbIM
BO3/LyXOM, ITPUBOSIINM K KOPPO3UH JIEMEHTOB CUCTEMbI OTOTICHUS, TAKOM
G6ak He TpuUMeHsIOT (MOKasaH IIYHKTUPHOI JnHEel). Bmecro Hero
UCIIOJIb3YIOT 3aKPBITHII pacHIMpUTEIbHBIN Oak 32, B KOTOPOM JAOCTYN K
aTMoc(epHOMY BO3/LyXy 3aKpPbIT.

32 — 3aKkpbITHIN pacIMPUTENbHBIA OaK. PasMelaoT B TEIJIOBOM ITYHKTE
JiE00 MHOM TTOMEIEHUH ¢ TeMiiepatypoid Beie +5 °C. ITpucoeanHsoT K o/1-
HOMY U3 TJIABHBIX YYaCTKOB CHCTEMbI OTOILJIEHHS — MozatoIeMy Jnubo obpat-
HOMY — COOTBETCTBEHHO TIOCJIE 1 /IO 3aTTOPHOH apMaTyphl, OTCEKAIOIIeil crcTe-
MY OTOIJIEHUSI. TO BBI3BAHO TEM, UTO TIPU TIEPEKPHITUN CUCTEMbBI OTOTLIIEHUST
C TOPSTYNM TEMJIOHOCHTEIEM He0OXOIMMO BOCIIOIHEHNE 00beMa TEIJIOHOCHTE-
JISL OT €ro OCTHIBAHUsI, KOTOPBIH BBITECHSIETCST M3 PACIIMPUTEIBHOTO OaKa,
MIPEZI0TBPAINast IPOHUKOHOBEHHE BO3/IyXa B CHCTEMY. 3a4acTyio MPUCOETTHS-
10T 6aK K 0OpPaTHOI MaruCTPaId, YTO BbI3BAHO €T0 SKCIIyaTallHOHHBIME TPe-
6oBarusiMu. Psiiom ¢ 6akoM cJieflyer pasMelarh MAaHOMETP ¥ TPeIOXPaH-
TEeJIbHBIN KJIaman 13, ITOT KiranaH yCTaHaBJINBAIOT HAa MAKCUMAJIBLHO JIOTTyC-
TUMOE JIaBJieHNe B CHCTeMe OTOIJICHUS, OTpe/essieMoe Kak MUHUMATbHOe
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3HaYeHNe M3 MaKCHMAJbHO JOMYCTUMOTO JABJIEHUS IS OTHAEIBHO B3SITHIX
AJIEMEHTOB CHUCTEMbI OTOIJIEHH. [IPOIYyCKHYIO CITOCOOHOCTD KJIallaHa Orpe-
JEJSIIOT 110 9TOMY JIABJIEHHWIO U 110 PACXOY, OIPEAEISIEMOMY OTHOIIEHIEM
PaCYETHOTO PacXo/a TETJIOTHI Ha OTOIIEHNE K MAKCUMAJILHOM PACIETHOM TeM-
repaType TeIJIOHOCUTEJIS [, B TIO/IafoIeM TPyOOITPOBOJIE CHCTEMbI OTOIICHUS.

PacumipuresbHbI Gak cielyeT NPUCOCAUHSTh 3a HPEAeaMi Majioro
[UPKYJISIIMOHHOTO KOJIbI[a, 00PA30BBIBAEMOTO MEPEIYCKHOM MePEMBIUKON ¢
peryJsitopom 18, T. K. 6aku B GOJBIITIMHCTBE CBOEM UMEIOT PabouyIo TeMItepa-
Typy 10 70 °C. IIpu OTCYTCTBUM TaKOI TTePEMBIYKI, HAPUMEp, B OAHOTPYO-
HOU J60 ABYXTPYGHOIT CHCTEME OTOIIEHHSI ¢ TOCTOSTHHBIM TH/IPABJITYECKIM
PEKUMOM CJIEIyeT TIPELyCMaTPUBaTh 3alUTy Oaka OT H30BITOUHOI TeMIIepa-
TYPbI TEMJIOHOCUTEJISI, YCTAHABIMBASI MEPe/l HUM, HaIPUMeEp, ClellnaJbHbIN
MTPOMEKYTOUHBIN OXJIasKAAROIIHIT GaK.

33 — 3anopHblii K1anaH pacmMpuTeabHoro 6aka. J{osxkeH ObiTh 00s13a-
TEJIHO C 3aIUTON OT HECAHKIITMOHUPOBAHHOTO 3aKPBIBAHUS M CIIyCKHIKOM
JUIST TEMJIOHOCKUTEJIST O CTOPOHBI Gaka. CITyCKHUK HeOOXOAMM JIJIS OTTOPOKHE-
HUs 6aKa TpH JIEMOHTAKE, TIOCKOJIBKY OaK HAXOAUTCS 110/ M30BITOUHBIM JIaB-
JIEHIEM €0 ra30Boro npocrpancTsa. Kiaman BbIOMPAOT 0 AUAMETPY MOLCO-
eIMHUTEIHOTO TPYOOITPOBO/Ia, KOTOPBIH, B CBOIO OYepE/lb, PACCUMTHIBAIOT B
3aBUCHMOCTH OT TI0JIE3HOI eMKocTH Gaka. [TogBosimii k 6aky TpyOOIpOBO/L
MTPOKJIAIBIBAIOT C YKIIOHOM 5 %o B CTOPOHY TJIABHOTO TPYOOIIPOBO/IA CHCTEMBI
OTOILTEHHSI.

Tennogoil nynxm xkaxcoozo 30anus umeem uHOUBUOYAILHOE MEXHUUECKOE OC-
Hawenue.

Munumanvroe asmomamuyeckoe ocnawenue menioozo NyHKmMa HopMuUpo-
sano mpebosanusmu CHull 2.04.07-89 "Tennosvie cemu” u usm. No 2 x
CHuII 2.04.05-91 "Omonnenue, senmunsuus u KoHOUuuoHuposanue", a
maxce npedonpedensiemcs meniozuOPaAsIULecKUMI NAPAMEMPAMU MENJ0-
cemu 6 OUHAMULECKOM U CIATIUYECKOM COCIOSIHUL Ha AOOHEHMCKOM 6600€.
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2.5.  3ANOAHEHWE, MOATIMTKA M
OINOPOXHEHME CMCTEMbI OTOTNAEHMA

IIpu paspaboTKe cXeMbl MOAKIIOYeHHsT ab0HeHTa 00s3aTeIbHO PELIaoT
BOIIPOCHI 9KCILIYATAILIOHHOTO 0OCTYKIBAHMSI CUCTEMBI OTOILIEHUS: 3alI0JIHE-
HI1€, MOAINUTKA, ONOPOKHEHME, IIPOMBIBKA. HEKOTOPbIe MOMEHTBI PEIleHUs
[OCTABJIEHHbIX 3aa4 OBbLIN PACCMOTPEHbI PaHee U [IPEICTABIEHbI HA CXeMaX B
1.p. 2.4. BeI60Op TOro mjm MHOro BapuaHTa U3 MHOr000pasysl CXEMHBIX pelle-
HUIT 3aBUCUT OT IPUHUMAEMON CTEIIeHH aBTOMATU3AIMK CUCTEM U MECTHBIX
YCI0BUI noaKmodeHns: abonenTa. TeM He MeHee, CyIIeCTBYIOT 0OIINE 3aK0-
HOMEPHOCTH 1 COBPEMEHHBIE TEHACHINN TEXHUYECKOrO 00ECIIEYEHUST IKCILILY -
aTaIMOHHOrO 00CIyKIBaHa aGOHEHTCKOIO BBOJA.

Hauboiee IpOCTbIM U JEHIEBBIM IMPOEKTHBIM PEIIEHUEM ABJISIETCS OCY-
MIECTBJIEHUE YKA3aHHBIX ITPOIIECCOB ITPU TIOMOIIN PYYHOTO Hacoca (puc. 2.14).
HarpapJisioT TeIIOHOCUTEb 110 TPeOYEMOMY IIyTH COOTBETCTBYIOLIIM IIEpe-
KPBITUEM 3aII0PHBIX KPAaHOB OOBSIBKM PyYHOro Hacoca. HemocraTkoMm mpuse-
JEHHOTO IOAXO0JA ABJIIETCS HeoOXOAMMOCTD IIOCTOSHHOIO BU3YaJIbHOTO Ha-
Gimomenns 3a paboTOI CHCTEMbI OTOILIEHIL.

o —

[
6
Puc. 2.14. 3anoAHeHne 1 ONOPOXKHEHME CUCTEMbI OTOMAEHUS PYUHbIM HACO-
COM: a M O — 3arnoAHeHMe COOTBETCTBEHHO P AOCTAaTOYHOM M
HEAOCTaTOYHOM AABAEHUU TENAOHOCHTEAS B 0OPaTHOM TPyOO-
MPOBOAE TernAOCeTH; B U I — ONTOPOXKHEHUE COOTBETCTBEHHO [1PK1

BO3MOXHOCTH M HEBO3MOXHOCTH obecrieyeHist camMoTeka TernAo-
HOCUTEAS B KaHaAu3auUmio; 1 — py4HON Hacoc; 2 — pakoBuHa

K

a

B r

53



M COBPEMEHHbIE TEMAOBBIE IMYHKTbl. ABTOMATUKA 1 PEFYAMPOBAHWME

3aroJHEHNEe U MOAIUTKY, KaK TIPABUJIO, OCYIIECTBJISIOT U3 0OPaTHOTO
TPy6OIPOBO/IA TEIIOCETH B OGPATHBII TPYOOITPOBOJL CHCTEMbI OTOIIIEHUST. DTO
00yCIOBJIEHO TEM, YTO TEMIIepaTypa TEIJIOHOCUTEISI B HUX HE3HAUMTEBHO
pasMyaeTcs, B OTJIMYKE OT TEMITEPATyPhI B TIOAAI0IINX Tpybonposoaax. Kpome
TOTO, 3aIIOJHEHNE CHCTEMbI 13 00PaTHOro TPYOOIPOBOIA TeIIoceTH besomac-
Hee JIJIsT HAJTAMUKOB, OCYIIECTBIISTIONX TPOOHBII 3aITyCK CHCTEMBI, T. K. HE ¥C-
KJIIOYEHA BEPOSITHOCTh YTEUKW TEIJIOHOCHTENS. Takoe 3armoJiHeHue MOKHO
OCYIIECTBJISATH B TEUEHUE BCETO Tofla He OECIOKOsICh O BCKUTIAHUHU BOJIBI B CHC-
TeMe OTOILIEHHUST, TPYOOIIPOBO/IBI KOTOPOH HAXOAATCS MO/ aTMOC(EPHBIM J1aB-
JIEHHEM, TTOCKOJIBKY TeMIIepaTypa TEIIOHOCUTEsE B 00paTHOM TPyOOIpPOBOIe
tertoceTr He nipesbiinaet 70 °C, B 0OTJIMYHe OT MofaoIero TpyooIpoBo/ia, rie
TeMIieparypa TerioHocuTest MoxeT ObiTh 6osee 100 °C.

I[Tpu cobuogeHnn Beex Mep 6es-
OTIACHOCTH, WHOT/IAa TMPaKTUKYIOT
PT MOJIMUTKY CUCTEMBI OTOIJIEHUST U3
MOJAOIIEro TPYOOITPOBO/IA TEIIOCe-
- ;™ (puc. 2.15) [20]. Omnaxo maske B

: °  9TOM ciIyyae cJieiyeT MPUCOCUHATD
HOJAMUTOYHBIN TPYOOITPOBO/ K 06part-
HOMY TPYOOIPOBO/Y CHCTEMBI OTOII-
Jierus. JlaHHast cxeMa He IMEET 0CO-
OBIX MPEUMYIIIECTB 110 CPABHEHHIO CO

| cxemoli Ha puc. 2.12, ecau moamnu-
Ta @ f, TOUYHbII TPYOOIIPOBOJ MPUCOEANHEH
nocje JOOro aBTOMATHYECKOTO

Puc. 2.15. 3anoAHeHune cucremsl PeryJnpyomero Kiamana. B 3a-

OTONACHMS M3 NMOAQIOWETO  gppITOM TOJOKEHUH KJIAllaHa BbI-

TpyGONpPOBOAA TEMNAOCETH PaBHUBAETCS JIaBJIEHUE TEILJIOHOCH-
TeJS B JIMHUM TOANATKA U OOGPAaTHOM MarmcTpajd TEIIOCETH, YTO JIMIIAeT
BCEX MPEUMYIIECTB HAMMUKst GOJIBIIErO JAABICHUST B TIOAAIONIEH MarucTpajm
TEIIOCETH, 110 CPABHEHMUIO ¢ ee 00paTHOI MaruCTpasIbio.

O6mmum HemocTatkoM cxeM (puc. 2.12, 2.15) saBisiercst HEOOXOAUMOCTb
[IPUMEHEHVSI PACIIPUTEIBHBIX OaKOB CO 3HAYNTEIbHBIMU rabapuTamu. [Tpu-
YUHON TOMY — TETIO9HEPTeTUYECKHE MOKA3ATEN OTEUECCTBECHHBIX 3/IaHUI,
KOTOPBIE B HECKOJIBKO Pa3 XysKe, YeM B Pa3BUTHIX CTpaHax [21], a Takke mpak-
THKA TIPOEKTUPOBAHUST CUCTEM OTOIIEHHSI ¢ GoJIee BBICOKUM TIEPENaLOM TeM-
neparyp. Kpome Toro, oTpuiiaTebHy 0 JIENTY B yBeIUUYeHNe TabapuToB HakoB
BHOCHUT JKeJIaHUE 3aKa3YMKOB COKOHOMUTD Ha CUCTEME OTOIIEHUST TIPUMEHe-
HUEM PYUYHBIX GalaHCHPOBOYHBIX KJIAMAHOB BMECTO aBTOMATHYECKUX [22; 23]
¥ IPUMEHEHUEM YyTYHHBIX PaIHaTOPOB.

VMeHbleHnst raGapuTOB PaCIIUPUTEIbHBIX GAKOB JOCTUTAIOT: YBeInYe-
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HIeM U30BITOYHOTO JABJICHUSI CHCTEMbI OTOILIEHYST; TIPMMEHEHHEM PACIITH-
PUTEJBHBIX GAKOB ¢ KOMITPECCOPHBIM PETYIMPOBAHNEM; BO3BPATOM TEILJIOHO-
CHUTEJIST U3 CHCTEMbI OTOILJIEHUS TP €ro 0ObeMHOM PaCIIMPEHUN B TEILIO-
CETb.

ITo mepBomy criocoby cHmKaroT 00beM Gaka rpuMepHo B 20 pas. 1o BTo-
POMY, B JIONIOJIHEHUE K TIepBOMY, eliie B 20 pas, 4To B IEJIOM COCTABJISIET TIPH-
Mmepro 400 pa3z [18].

ITo TpeTbeMy crocoby aBTOMATH3UPYIOT HE TOJBKO HOAIUTKY CHCTEMbI
OTOIICHUS, @ ¥ ¢OPOC M3OBITOYHOTO TEIIOHOCUTEJISI IIPU €T0 TEeMIIEPATyPHOM
pacmmpernn (puc. 2.16)
[20]. Ilpu npesbleHun
JIABJICHUST B CUCTEME OTO-
MJICHWST HaJl 3aJaHHBIM
YPOBHEM JIATUYUK [aBJIe- 2 ¥
Hust 1 TojaeT curHanm Ha St Iﬁ \
OTKPBITHE HOPMAJIbHO 3a- PT
KPBITOTO KJamaHa 2 u Q_
BO3BPAIACT TEMIOHOCH- - .
TeJb B TEIJIOCETb, CHU-
JKasl TaBJIEHUE B CUCTEMeE 5 1
OTOTJICHUS /IO 33/IaHHOTO ‘\
ypoBHsi. C yMeHbIIeHrEM [,% ﬁxi
JIABJIEHUS TETJIOHOCHTE- _@

JIST B CHICTEME OTOIICHUsT 12

HIDKE 33/IAaHHOTO YPOBHS
JIaTYUK 3 I10J[aeT CUTHAJ
Ha OTKPbITHE HOPMAJIbHO
3aKPBITOTO 3JEKTpOMAr-
HUTHOTO KJIanaHa 4 JJisl IOJIauy TETIJIOHOCUTEJISI U3 TETIOCETH B CUCTEMY
oronierust. [Ipu [oCTHzKEeHIY 3a/TaAHHOTO YPOBHS IABJIEHUS ATOT KJIallaH 3a-
kpbiBaeTcst. OGBEM PaCIIUPUTETBHOTO GaKa IMTPH TAKOM cXeMe OITPe/Ie/ISIOT CO-
[JIACOBAHHO C YACTOTON BKJIIOUEHMSI PeJie IaBJICHUS — C TIOBBIIIEHIEM 00bhEMa
Gaka CHIKAFOT YaCTOTY BKJIFOUEHHsI KJIAIAHOB,

B paccmarpuBaeMoii cxeMe MOJIITMTOYHAST IMHWS, B OTIWYHE OT MPEIbILY-
Ielt cXeMbl, TPUCOeIMHEHA /IO KJIarnaHa PeryJsTopa TermioBoro mortoka. Oco-
GEHHOCTBIO TAHHOW CXEMBI SIBJISIETCS TAK/KE aJITOPUTM YIIPABJICHUST KJIallaHOM
4 — ¢ UHTepBAJIaMHU JIJISI TOPIIMOHHOTO MIPOITYCKA TEIIJIOHOCHTEIS.

ITpu Beeit ipocToTe OpraHu3al 0OMeHa TEIIOHOCHTEIST MEKLY CHCTe-
MOW OTOTICHWSI W TEMJIOCEThIO, pacCMaTprBaeMasi CXeMa He SIBJISIeTCS MOJI-
HBIM pellieHreM BO3JIaraeMbiX Ha Hee 33/1a4. B uacTHoCTH, B Hell He TpeycMo-
TPEH yueT TETJIOHOCHUTEJISI, BO3BPAIAEMOTO B TETLIIOCETH, M HE OXBATHIBAETCS

4

-

/3

lo

Puc. 2.16. lNprHumMnuasbHas cxema y3aa 3anoa-
HeHMs UM MOAAEPXKAHWUSA AABAEHMS
CUCTeMbl OTOMAEHMA
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BEChb /IMANa30H PA3HOCTH JIABJIEHUS MEXKIY TEIJIOHOCUTENIEM B TEIJIOCETH 1
CUCTEMOH OTOIJICHUSI.

B cxeme (puc. 2.16) nprmMereHo /Ba IPeIOXPAHUTETBHBIX KJIAMAHA 5, UTO
MPAKTUKYETCsT 32 PyOeskoM JIJist TIOBBIIIEHUs 6€30acHOCTH PabOThl CHCTEMBI
HA CJIydail MOJIOMKH OHOTO U3 KJanaHoB. OCOOEHHOCTHIO OTEYECTBEHHOTO
MPOEKTUPOBAHKS SIBJIAETCST OPraHNU3aIUsA aBaPUITHOTO cOPOCA TEMIOHOCUTEIS
OT TIPEZIOXPAHNTENLHBIX KJIAIAHOB 1 CITyCKa TEIIJIOHOCUTEIS TIPH OTIOPOYKHE-
HUM CUCTEMBI UJIU €€ YACTH B CUCTEMY OBITOBOU KaHAJIM3AIUH, BOJOCTOKA, MO~
IyTHOTO JIPEHAKa Yyepe3 BOPOHKU, PAKOBUHBI U TIPUSMKH.

Corziacto [3], B TIOJTy TETUIOBOTO TTyHKTA
cJlelyeT YCTaHABJIMBATL TPall, a TPU HEBO3-
MOKHOCTH CAMOTEYHOTO OTBO/IA BOJIBI — YCTPa-
UBaTh BOJOCOOPHBIN MPUSMOK PazMepoOM
0,5%0,5x0,8 M (puc. 2.17). Ilpussmok noykeH
OBITH TIEPEKPHIT ChEMHOIT perneTkoii. Jlst ot-
KauKHU BOJIbI U3 BOAOCOOPHOTO TIPUSIMKA CJle-
JIyeT TIpe/lyCMaTpUBATh O/IMH JIPEHAKHBIH Ha-
coc. Briiouenne Hacoca ocy1ecTBiger KOHT-
poJiiep TP 3aMBIKAaHUM [JATYMKA YPOBHA.
Hacoc, npena3zHaueHHBIN /719 OTKAYKU BO-
1Bl U3 cOOPHOTO MPUSIMKA, HE JIOIYCKAETCsT
MCIIOJb30BaTh /I TTPOMBIBKM CUCTEMBI T10-
TpebJIeHUS TEIIOTHI.

[l onOpOKHEHUS CUCTEMbl B HUKHUX
TOUKax TPyOONPOBOAOB HEOOXOAUMO TIpel-
YCMATPUBATH HITYIIEPHI € 3aIIOPHON apMaTy-
poll myid ciycka BOAbI (CITyCKHbBIE YCTPOM-
cTBa). /lnameTpsl CITyCKHBIX YCTPOKCTB ONpenesidioT o Hopmatusy [3]. Mx
YCJIOBHBIN MPOXOJT IOJKEH ObITh He MeHee 25 MM. J/[aHHbIE MITYIIEPbI MOTYT
HCIOJIB30BATh TAKXKE /IS THIPOITHEBMATHUYECKON TPOMBIBKM CHCTEMBI OTOII-
JIEHUsI, €CJIM BOJIa He TIPOXOJIUT Yepe3 perysupyioiiee Jubo U3MepuTeTbHOe
obopynoBatue. B MpoTUBHOM ciiydae MpelycMaTpUBaiOT MePeMbIYKA U OT-
JIeJIbHBIE MITYIEPBl C 3alIOPHON apMaTypOH IS TI0/Iaul C3KATOTO BO3IyXa U
cirycka Bojibl. VIX yCIoBHBIE TIPOXO/IBI TPUHUMAIOT 110 pacyeTy [3]. B kauecrt-
Be 3aMOPHO apMATYPBI JIJIs CITYCKa TEIJIOHOCUTEJISA TPUMEHSIOT TIPOOGKOBbIE
J60 TapoBbIe KPaHbI, B TO BPEMs KaK /st BHINYCKA BO3/LyXa B BBICIITMX TOY-
Kax Bcex TPyOOITPOBOIOB TIPELyCMATPUBAIOT MITYI[EPHI ¢ 3AIIOPHON apMaTy-
POl BEHTUJILHOTO THUTIA ¢ YCIAOBHBIM TIPOX0I0M 15 MM. Becbma y106HbIMU J171s1
CITyCKa TEIJIOHOCUTEJIS SIBJISIOTCS PETyJIUPYIONIast apMaTypa u Apyrue mpuio-
PBI CO BCTPOEHHBIMHU B X KOPITYC CITyCKHBIMHU KPaHAMM, a JIJIs1 BBITTYCKA BO3/TY-
Xa — aBTOMATUYECKHE BO3YXOOTBOTUNKH.

Puc. 2.17. OTBOA BOAbI B

TEMAOBOM MyHKTe:
1 — npuamok; 2 — pewerka; 3 —
AaTYMK ypPOBHSl; 4 — KOHTPOA-
Aep; 5 — APeHaxHbIN Hacoc;
6 — TpybornpPoBoA ObITOBOM
KaHaAm3aumm
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2 3

Puc. 2.18. MNMprHUMNMaAbHAs CxeMa Y3Aa 3aMOAHEHMSt U MOAAEPXKAHMS AaB-
AEHMSI CUCTEMBI OTOMAEHMS C OTKPBITOrO HAaKOMUTEABHOTO HGaka

Hepocratok oTeuecTBEHHOrO NMPOEKTUPOBAHUSI TEIVIOBBIX ITYHKTOB MPU
He3aBUCUMOM MOJIKJII0YEeHNN a0OHEHTOB 3aK/II0YAETCsT B OTCYTCTBUH, KAK Mpa-
BUJIO, CHCTEMBI cO0pa U BO3BpaTa TEIJIOHOCUTES. 3a PyOesKOM TIPUMEHSIOT
cxeMmy, TipuBefieHHy10 Ha puc. 2.18. TemmonocuTesnb OT TPeAOXPAHUTEIbHBIX
KJIAIIAHOB, CITYCKHBIX KPAHOB U T. [ HAIIPABJSIOT TPyboIpoBogioM 1 B pesep-
Byap 2 JIJIs1 TIOCJIELYIOIEro Bo3Bpara B cucreMy. [1pu 5ToM 110 Mepe HeoOX0/11-
MOCTHU, KOHTPOJHUPYIOT KAYeCTBO BOJbI U KOPPEKTUPYIOT €€ XUMUYEeCKUil
coCTaB, MOAOUPAEMbIl B COOTBETCTBUU ¢ MaTepPUAIAMU HU3TOTOBJICHUS Jie-
MEHTOB CUCTEMBI OTOIJIEHUSI.

[ToanuTKy 1 3anoJHEHNEe CUCTEMbI OCYIIECTBISIOT U3 HAKOMHUTEIbHOTO
pesepByapa 2 HacocoM 3. 3alycKaeT 3TOT HACOC KOHTPOJUIEP 4 10 CUTHAIY
Jarduka aasienus: 5. /laBienune 3amycka yCTaHABIMBAIOT HECKOJBKO HIKE
MUHUMAJILHOTO, HO HE HIKe HEOOXOIMMOr0 CTATUYECKOTO JIABJIEHUS JIJIST 3a-
MOJIHEHUS CUCTeMbl. BepXHuil npeziest naBjieHus, T. €. JaBjieHre OCTAaHOBKU
Hacoca 3, MPUHUMAIOT HECKOJIBKO HIKE MAKCUMAJILHOTO JIaBJICHUS, He JI0ITYC-
Kasi IePETOKA TEMJIOHOCUTEIST Y€Pe3 TIPEJI0XPAHUTENbHbII KianaH 6 B 6ak 2. B
MPOTHBHOM CJIydae BO3PACTAET YaCTOTA BKJIIOUYEHMsI HACOCA U 0OOTaIaeTcst
KHUCJIOPOJIOM TelioHocuTenb [21].

Crenenb 3anosHeHust 6aka 2 KOHTPOJMPYET KJIATIaH C TOMIABKOBBIM TTPHU-
Bo/IoM 7. TIpu HEOOXOMMOCTH OH OTKPBIBAETCS U MIPOIYCKAET TEIIIOHOCUTEb
13 06paTHOro TPyOOIIPOBO/IA TEMJIOCETH CO CHUIKEHHDBIM JIaBICHUEM B PELYK-
IIMOHHOM KJIariaHe 8. DJIEKTPOMATrHUTHBIN KJIalaH 9 OTKPHIT Iipu paboTe Haco-
ca 3.

B paccmotpenHoii cxeme He ycTpaHeH KOHTAKT TEIJIOHOCUTENSI C aTMO-
chepHBIM BO3IYXOM, UTO SIBJIsSIETCS ee HefocTaTKoM. CoBpeMeHHbIe TTOIXO0/IbI
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TOJ/IEPKAHMS JIABJICHUS B CUCTEME OTOIIEHUSI OCHOBAHbI HA YCOBEPIIIEHCTBO-
BaHUU y3JI0B TOIKJIIOUEHUS PACITMPUTEBHBIX OAKOB, HE KOHTAKTHPYIOIINX C
aTMoc(hepHBIM BO3/LyXOM.

Cxema Ha puc. 2.19 — 370 KOHIIENTYaJIbHO HOBOE pellieHUe JIJId aBTOMATH-
YeCKOTO TOZJICPsKAHUS JaBJICHW, TIOAUTKA U JIeTa3allii CUCTEMbBI OTOILIe-
nust. [IpumMensieMmoe 000pyI0BaHIe KOMIIAKTHO YBSI3aHO B €/IMHBIN ABTOMATH-
YeCKH YIpaByisieMblil 6J0K (OrpaHUYeH MYyHKTUPHBIM TIPSIMOYTOJILHUKOM).
Taxoii 610K B 3aBUCUMOCTU OT TETJIOBOM MOIIHOCTH CUCTEMbI OTOILIEHUS U
CTETIeHN HaJIe)KHOCTH KOMILIEKTYIOT OJHUM JIHOO JBYMST TIOBBICUTETbHBIMU
HACOCAMHU, OJIUH 13 KOTOPHIX ABJISETCS PE3EPBHBIM JIOO TTHKOBBIM.

Crabuimisaiuio aBJIeHNst B CUCTEME OTOTIIEHUS OCYHIECTBIISIOT AIEKTPO-
MarHUTHBIMU KJIAAHAMK U HAacocami, paboToil KOTOPBIX YIIPABJSET aBTOMA-
THYECKast CUCTEMA, PACoNioKeHHast B Oyioke 1. TIpu MOBBIIEHIN TEMITEPATYPbI
TETJIOHOCUTEJIST IABJIEHUE B CUCTEME BO3PACTAET, OTKPLIBAETCS MEPEIyCKHON
Kiaanad 2, U u3GbITOUHBI 0OBEM BOJIbI TIOCTYMAET B MeMOPAHHbII HAKOIH-
TesibHbIN Gak 3. [Ipu OCTBIBAHUU TEIIOHOCUTEJIST IABJICHUE BOJBI B CHCTEME
Ma/IaeT JI0 YCTAHOBJIECHHOTO MUHWMAJILHOTO 3HAYEHUS, YTO OTCJAECKUBACTCH
JATYNKOM JIaBJIeHUST 4, BKJIIOYAETCSI HACOC O U BHIKAUYMBAET BOJY M3 HAKOIIM-
TeJbHOTO Gaka 3 06paTHO B CUCTEMY, MOJIEPKUBAs TAKUM 0OPa3OM MOCTOSIH-

HOe€ /1aBJIEHHE B CUCTEME.

Jlerasaiuio TeILJIOHOCHU-
TeJIST OCYIIECTBJISIIOT MPUHY-
JIUTEJbHBIM  TIEPEIYCKOM
TEIJIOHOCUTEJISI U3 CUCTEMbI
OTOILIEHUSI B Oe3HAIIOPHBIN
HaKOIUTEJIbHBIN OakK, B KOTO-
POM Ta30Basi YaCTh HAXOJMT-
s TIoJ1 aTMOC(EPHBIM JIaBJe-
HueMm P, [Ins aToro 1o ko-
Manze ¢ 61oka 1 oTKpbIBaeT-
¢4 3JEeKTPOMArHUTHBIN KJa-
nan 2. Ilpu pe3xoM cHuKe-
HUM JaBJjeHud B Gake 3 u3
TEIJIOHOCUTEJIST BBIIEISIETCS
BO3JyX, OTBOJIMIMBII HAPYIKY
6aKa aBTOMAaTUYECKUM BO3-
nyxootBoaunkoM 6. Hacoc 5
Puc. 2.19. MNpuHUMNMaAbHas cxema y3Aa 3a-  BO3BpalllaeT TeIJIOHOCUTEIb

MOAHEHUS U MOAAEPKAHUSI AaBAe- B cucteMy otoruiedust. [Ipo-
HUSI CUCTEMbI OTOMAEHMSI C 6e3Ha-  IIYyCK TEIIOHOCUTENS uepes
MOPHLIM HaKOMUTEAbHbIM HAKOM 6aK 3 OCYIIECTBIISIETCS C Pa3-
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JIMYHOW YacTOTOW: TIPU BBOJIE CUCTEMbI OTOIJIEHUS B IKCILIyaTAIUIO C
6oJIbIleli YacTOTOl; TTocJIe TOJTHOMN Jlera3alliid CUCTeMbl — ¢ MEHbIIeH 4yacTo-
Toii. [{us1 obecriedeHns HUPKYJ/IAIAN TEIIOHOCUTE/A U HOBbIeHus s¢dex-
TUBHOCTH JIera3alliy MoJKIodeHre 6J10Kka 000pyI0BaHKs K CUCTEME OTOILIe-
HIS U K PACHIMPUTEIBHOMY OaKy OCYILIECTBIEHO ABYMS TPYOOIIPOBOJAMI.

Heo6XoauMOCTh TIOAIMTKIA CUCTEMbI OTOILJIEHHUS OIIPEAEISIeTCs 110 B3Be-
mmBaHuio 6aka 3 TeHsogarynkom 7. IIpu mazeHnn 3a1aHHOTO YPOBHS BObI B
GaKe BKJIOYAETCs MOAMUTKA CUCTEMBbI — OTKPBIBAETCS DJIEKTPOMATHUTHBINA
KJIallaH 7 M OCTaeTcsl B TAKOM COCTOSIHUU JI0 JIOCTHIKEHUsT TpedyeMoro 3Haye-
Hs yPOBH: BOoAbI B Gake. OObeM IIOANUTOYHON BOAbI PETUCTPUPYETCsI BOLO-
Mepom. [To nokazanusm BogoMepa Mpu 3aTOJHEHUN U TIOAITUTKE CUCTEMbI
OTOILIEHMI OLEHUBAIOT IPABUIBHOCTD 110400pa 6aKa, IPOBEPSIIOT FepMeTHY-
HOCTb CHCTEMbI U IIOTEPU TEILJIOHOCUTEJIST TIPU aBAPUSIX U HKCILIyaTal[MOHHOM
00CTyKIBAHUN.

3anonnenue u noanumxy CUCnmemvl OmonieHus menjioHocumenrem npeanou—
MumeJIvHO OCYywecmsaisims u3 06pamHozi Mmazucmpajiu menjiocemiu.

2.6. KOMMEPYECKMWM YYET TEMAOMOTPEBAEHMS

3/1aHusA, TPUCOENMHSIEMbIE K CETAM I[EHTPATU30BAHHOTO TeIIocHabKe-
HUSA, IOJIKHBI ObITH 060PY/I0BaHbI YCTPOHCTBAMU KOMMEPUECKOTO yUeTa T10-
TpebIISIEMOI TETLTIOBOIT SHEPIUH, YCTAHABIMBAEMBIMU HA aDOHEHTCKUX BBOJIAX
[24]. Kommepueckuil yueT TernonorpebeHust OCymecTBISIOT s Ofpe/iesie-
HISI CTOUMOCTH TETUIOBOU SHEPTUH, U3PACXOI0BAHHOI a0OHEHTOM. DTy CTOH-
MOCTb PAaCCUUTBIBAIOT 1O MOKA3aHUSAM MPUOOpPa yuera, Ha3bIBAEMOTO TErLIo-
BbruucuTesieM. TermoBbYUCIUTEb OTPEAEISIET KOJMIECTBO TOTPEOIEHHON
SHEPrUy 32 YCTAHOBJIEHHBIN [IEPUOJ, BpeMEH! Ha OCHOBAHMK MACCOBOTO Pac-
XOJIa ¥ Pa3HOCTH SHTAJIBITUI TEMJIOHOCUTEIS B TIOJIAIOIIEM 1 0OpaTHOM Tpy6o-
IIPOBO/IAX.

[l 31anust peycMaTpUBAIOT, KAK TIPABUIIO, OIUH Y3eJ KOMMEPUECKOTO
ydeta TerioHocuress. Jlomyckaercst pu 060CHOBAHUU U COTJIACOBAHUU C
TEMIOCHAGKAIONIUMHU OPTaHU3AIUAME 00YCTPORCTBO HECKOJIBKUX Y3JI0B KOM-
MepUEeCKoro yuera. PacrnipesiesieHrie TerionoTpebIeHust MeKLY PasindHbIMU
HOTPeOUTENIAMU B 3JaHNH, 00CTYKUBAEMBIMI 000COOIEHHBIMY BETBSIME CHC-
TeMbI OTOILJIEHUS, B TOM YUCJIe KBAPTUPAMI MHOTOITAKHOTO JI0OMA, JOJIKHbBI
OCYIIECTBJISITD 10 TPUHGOPAM HEKOMMEPYECKOTO YUeTa PACX0/ia TerioThl. [pu
KOJINYECTBEHHOM DETYJHPOBAHUM TEILJIOBOrO IOTOKA B CAMOCTOSITEIbHBIX
cucTeMax (BeTKAaX) B KAUeCTBE HEKOMMEDPYECKOTO YUeTa JOIYCKAETCST UCIIOJIb-
30BaHUE TOPAYEBOHOTO Bojiomepa [24].

Kommepueckuii y3en ydera, COTJIACHO JIeMCTBYIONEN HOPMATUBHOM
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Puc. 2.20. Y3Abl KOMMEPYECKOTO
ydyeTta TenaonorpeObAeHUs aBOHeH-
TOB C NOTPEOASIEMON TEMAOBOW
MOLLHOCTbIO:

a— A0 2,5MBt; 6 uB—25MBT 1
obonee; 1 — TErAOBLIYMCAUTEAL, 2 —
AaT4MK TEMINEPATYPbI; 3 — PACXOAOMED
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JIOKYMEHTAIINH, CJEeAYyeT Pean30BbI-
BaTh 1o cxemam (puc. 2.20,a,6).

JlJ1g TenIOBBIX ITYHKTOB C PaCyeTHON
TEIJIOBOI Harpyskoil memnee 2,5 MBt
(puc. 2.20,a) ycTaHOBKA PacxojiomMepa Ha
o6paTHON MarucTpajin cTporo He 06yc-
JiosieHa [81], moatomy Ha cxeme OH BbI-
JleJieH TIyHKTUpHOU JmHueil. OaHako
GOJIBLITMHCTBO TEMIOCHAOKAIONINX Opra-
HU3aI TPeOYIOT €r0 YCTAHOBKU, MOTH-
BUPYsI HEOOXOMMOCTBIO yYeTa yTedek
TEIJIOHOCUTEJIS.

B ysmax yuera TerionorpebJieHust
abOHEHTOB € PacyeTHON TEIIOBOIl Ha-
rpyskoii 2,5 MBt u Goxnee (puc. 2.20,6)
[0 COTJIACOBAHUIO C TEIIOCHAGKATOIIEH
OpraHusalueil 0ImyCcKaeTcs He yCTaHaB-
JINBATh JIATYMK TeMIepaTypbl Ha BOJO-
ITPOBOJIE, €CITM 3TO HEBO3MOKHO OCYTIle-
CTBUTDH 110 TEXHUYECKUM IPUUYUHAM,
HalpuMep, 3HAYUTETHbHOM yAaJIcHUU
BOJIOIIPOBO/IA OT TEIJIOBOTO MyHKTA.

IIpu pasmeriennu BOAOMONOTPEBA-
TeJIsT CUCTEMBI TOPSTIETO BOJOCHAGKEHST
B TEIJIOBOM IYHKTE OIpe/ieJicHUE JIOJN
TErIonoTpebJIeHsT CUCTEMON TOPSUero
BOJIOCHAOKEHUST OCYIIECTBIISAIOT 110 T0-
Ka3aHUSIM BOJIOMEPA, YCTAHABJINBAEMOTO
Ha BOJIOTIPOBOJIE XOJIOJHOM BOJIBI MEPE]
BOJIOTIO/IOTPEBATETIEM.

OmnpenesieHie pacyeTHON TEIIOBOM
HArpy3KU [PU BBIOOPE CXEMBI Y3Jia KOM-
MEPUYECKOTO ydeTa TeIIonoTpebeHust
OCYIIECTBIISIIOT 110 HopMe [ 3]. B siobom city-
Yae, MPUHUMAIOT MAaKCUMAJIbHBIN TETJIOBOM
MIOTOK Ha OTOIICHUE U BEHTUJISAIINIO. Y 4N~
TBIBaeMbIII TEIJIOBOM IOTOK Ha ropguee
BOJIOCHAGKEHHUE TIPU KAueCTBEHHOM Pery-
JIMPOBAaHUY TIPUHUMAIOT CPE/THUM C KOP-
PEKTUPYIOIUM KOI(PDOUIIMEHTOM, KOTO-
PBII 3aBUCHT OT CIIOCOOA PETYJIMPOBAHMS:
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0 HAarPy3Ke OTOIVIEHNUST JIMO0 COBMEIIEHHON HArPY3Ke Ha OTOILJIEHUE U TOpsiiee
BoztocHaOskeHue. TIpH COOTHOIIEHIH MAKCUMATLHBIX TETJIOBBIX TIOTOKOB Ha TO-
psIdgee BoLOCHAOKEH E U OTOILIEHHE OOJIbIe €MHULIBI U IIPH OTCYTCTBUU GAKOB-
AKKyMYJISITOPOB, a TakKe ¢ TerioBbiM 1IoTokoM 10 MBT 1 MeHee yunTbiBaemblit
TEIJIOBOM TIOTOK Ha ropstyee BOAOCHAOKEHNE TIPUHUMAIOT MAKCUMAJIbHBIM.

B 3aKkpbIThIX cHCTEMaX TEMIOCHAOKEHUs ydeT TernonorpebueHust ocy-
HIECTBJISTIOT 110 PACXO/LY B TIOJIAIOIIEM TPYOOIIPOBOJIE U PA3HUIIE TEMIIEPATYPbI
TEIJIOHOCUTEJIS B TIOJAIONIEM 1 0OpaTHOM TpyOotipoBoziax. TenmocueTankom
INFOCAL 5 OS B atux cucremax, 3a C4eT IpUMeHEHs] KOHTPOJIbHOTO BOJO-
Mepa Ha 06paTHOM TPYGOIPOBO/IE, PeaTM30BaHa BOSMOKHOCTD yUeTa KakK Tell-
sonotpebieHns, Tak U 0GbeMa TETJIOHOCUTEIS, OTOGPAHHOTO TIoTpebuTeIeM
(yTeuek). B OTKPBITBIX cUCTEMAX, K TOMY JKe, PEaII30BaHa BO3MOYKHOCTD OII-
pejlesieHnst He TOJIbKO 00beMa TeIIOHOCUTEIs, 0TOOPAHHOTO MoTpebuTesIeMm,
HO U TEIUIOBO#T aHepruu B aToM oObeme. TakiM 06pasoM, STUM TeNIoCYeTyH-
KOM MOKHO OPraHM30BaTbh ydyeT B JII0OOM MHOrooOpasuu cxeM abOHEHTCKHUX
BBOJIOB, B TOM YHCJIE U 110 cXeMe Ha puc. 2.20,B.

Kommepueckuii yuem mennonompebienus obszamenen ons 6cex 30anui,
NPUCOCOUHSAEMBIX K MENTOCENL.

2.7.  TIPMCOEAMHEHWME CHMCTEM TOPAYEIO
BOAOCHABXEHMA

Topstuast Boja I7Ist CUCTEM TOPSYETro BOAOCHAGKEHUS MOKET ObITh TTOJIyde-
Ha B MECTHBIX BOJIOHAIrPEBATEJIAX, MO0 MOAABATHCSA TIEHTPATU30BAHO OT Tell-
JIOBOTO MyHKTa. B MECTHBIX cHCTEMaX TOPAYEro BOAOCHAGKEHUS TIPUMEHSTIOT
rasoBble, MO0 NEKTPUYECKUE BOJOHATPEBATENH. TaKie CUCTEMbBI OCTAJIUCH B
CTapbIX 3[AHUAX C TEHTPAJIM30BAHHBIM OTOIIeHUEM. [Ipu pexoHcTpyKImMu
ATUX 3/IaHUIT CHCTEMbI TOPSTYETO BOAOCHAGKEHUS TaKIKe JIEJIAI0T [EHTPaIN30-
BaHHBIMU. CHCTEMBI € TEIIJIOBBIMU HACOCAMU JIJIsI TIPUTOTOBJICHUS TOpsTYeii BO-
JTIbI, HECMOTPSI Ha X BBICOKYIO aHEProaheKTUBHOCTD, B 3AHUSX C IIEHTPAJIU-
30BaHHBIM TEIJIOCHAGKEHUEM UMEIOT eJIMHUYHOE MTPUMEHEHNE U3-32 3HAUM-
TEJIbHBIX KAIUTAIOBJIOKEHUN U OTCYTCTBUS TOCYIAPCTBEHHON TTOIIEPKKY HA
ux pazsurue [25]. Takue cucteMbl OIPABBIBAIOT ce0s1 B 3aHUSIX C CUCTEMAMU
KOHJIMITMOHUPOBaHYsL, pabOTAIONMMHE B TETLIBII [IEPUO/] TO/1, 2 TAKJKE B 3/[aHM-
SIX, JIUIsT KOTOPBIX HAJIE’KHOCTH OOECTIEUEHUST TOPSIYET0 BOJIOCHAOKEHMST TIPEBBI-
IIAeT BO3MOKHOCTU CHCTEMBI IIEHTPAIN30BaHHOrO TeriocHadsxens [20].

BoI60p CXeMbI TIPUCOEMHEHUST CUCTEMBI [[EHTPATH30BAHHOTO TOPSIETO
BOJIOCHAOKEHUSI OTIPEIEIISTIOT, IPEKE BCETO, IPUHSITON TIPU TIPOEKTHPOBA-
HUU MCTOYHUMKA TETJIOCHAOKEHUS CUCTEMON TeIJIOCHAGKEHUST — OTKPBITOI
WJIU 3aKPBITON. B OTKPBHITON crucTeMe TeIIoCHAOKEHUST YCTAHOBKU TOPSTIETO
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BOJIOCHAOKEHUST TIPUCOEIUHSIOT YePe3 CMECUTENH. B 3aKpBITON — uepes
[TOBEPXHOCTHbIE MTOJIOTPEBATEH 110 OJHOI U3 MPUHIIUITUATBHBIX CXEM:

® ¢ HEMOCPEICTBEHHBIM BOIOPa3bopoM;

® C I10C/IeIOBATEIbHBIM TIPUCOEINHEHNEM BOIOIOOTPEBATEIST;

® ¢ [apaJijieJibHbIM TIPHCOEANHEHUEM BOIOIOIOTPEBATEIS;

® C IByXCTYIIEHYATHIM CMEIIAHHBIM [IPUCOE/IITHEHIEM BOIOIIOI0TPeBaTe-

geti [ u IT ctyneny;

® ¢ IBYXCTYIIEHYATHIM IOCJIEJOBATEIBHBIM TIPHCOENHEHNEM BOIOTIONO-

rpeBaresieit [ u I crynenu.

ITpu HerocpeICTBEHHOM BOIOPa3bope U3 TEIIOCETH TIOKIIIOUAIOT CHCTEMY
ropstuero BolocHabkeHust uepes emecutesins (puc. 2.21,a). OH mportyckaetr Boy
160 U3 MOAAIONIEro TPYOOIPOBOAA TEILIOCETH, JIUO0 13 00PAaTHOIO TPYOOIpPO-
BOJIA TEIJIOCETH, TMOO CMEIMBAET BOJY U3 ATHX TPYyOOIPOBOIOB JI0 3alaHHON
Temreparypbl. [l IpesoTBpaleH s epeTeKat st BObI U3 TTO/IAIoero Tpy6o-
MPOBOZIA B OOPATHBII Yepe3 CMeCUTENbHBII KJIanaH pr OTCYTCTBUU BOA0Pa360-
pa ycTaHaBIMBAIOT OOPATHBIN KJIaIlaH Ha OTBETBJICHUN K OOPAaTHOM MArnCTPaJIH.

Obs3aTesibHBIM TPEGOBAHUEM K Y3JIaM € HEMOCPEACTBEHHBIM BO0pa3to-
POM U3 TEIIOCETU SIBJISIETCS] YCTAHOBKA [IBYX PACXOIOMEPOB: HA TOAIOIIEM
TpyGOIPOBOJIE TEIIOCETH TIEPE/l OTBETBJIEHIEM TPYOOIPOBO/IA TOPSUEro BO-
JMOCHAOKeHMsT U Ha 0OpaTHOM TPy6oITpoBojie TetioceT. OCHOBHBIM YCJIOBHU-
€M JIOITYCTUMOCTH IIPUMEHEHUST TAKUX Y3JI0B, SIBJISIETCSI COOTBETCTBUE BOJIbI B
cucTeMe TerocHabKeHnst TpeOOBAHUSAM, TIPEbABIISAEMBIM K XO3sHCTBEHHO-
[IUTHEBOU BOJIE, UYTO B 3HAYUTEJILHOI Mepe OrPaHNYUBAET UX IIPUMEHEHNE.

Hawubouibliiee paciipocTpaHeHHe MOJYYUIIN Y3JIbl TPUCOEAUHEHHST CUCTEM
ropstYero BOJIOCHAOKEHUs Yepe3 PeKylepaTuBHble TermI000MeHHUKH (BOJIO-
roiorpeBaresin). X0J01Has BOZA TI0]] HAIOPOM TOPOICKOT0 Bozomposoaa Bl
(76O JOTIOTHUTETBHBIX TIOBBICUTELHBIX HACOCOB) MOCTYNAET B TEIIO06-
MEHHUK, HarpeBaeTCs CeTeBOM BOJIOM U MOCTYIIAET B paclpeleINTENbHDIN TPY-
GOITPOBOJI cUCTEMBI TOPstuero BojocHabkerust T3. TIpu 9TOM IPUMEHSIIOT O1-
Hy J100 JIBE CTYIIEHU HATPEBA, COOTBETCTBEHHO OJIMH WJIH J[BA TEIMJIOOOMEHHU-
ka. KosimuecTBo cTyIieHell 1 cxeMa uX IPUCOEIMHEHUST K TPyOOIIPOBOIaM Tell-
JIOCETU PErJIaMEHTUPYeTCss HOpMOii [ 3].

B 3akpbIThIX cHCTeMaX TeIoCHaOKEeHUsT CJIeyeT MPUCOEIUHSITD
BOJIOTIO/IOTPEBATENIA TOPSIYETO BOAOCHAGKEHUST MCXOJsI M3 COOTHOIIEHUST
MaKCHMaJIbHBIX TEIJIOBBIX TOTOKOB Ha ropstuee BojocHabkenne Qp ¥ Ha

max
ororienune Q-

thax thax

npu = 0,2..1,0 mo nByxcTymeryaroii cxeme (—~——
Qomax Qomax

TIeHYaTOU IOCJIeZI0BATEILHOI CXEME; > (0,6 — IBYXCTYIIEHYATOIN CMEIIaH-

<0,6 — mo AByXCTY-

max
QOIHaX

HOI [26]); TPM OCTATTbHBIX COOTHOIIEHMSIX — TT0 OTHOCTYTIEHYATON MapasiTeTbHOM.
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Puc. 2.21. lNpucoeanHeHne CUCTEM FrOpPsIHEro BOAOCHAOXEHMS MO CXeMe:

a — C HeroCPeACTBeHHbIM BOAOPa3bopom; 6 — C MOCACAOBATEAbHBIM MPUCO-
eAMHeHUemM BOAOMOAOTPEBAaTeAs]; B — C [1aParAeAbHbIM [PUCOEAMHEHMEM BOAO-
roAorpeBareAss; I — C AByXCTYeH4YaTbiM CMeLlaHHbIM MPUCOCAMHEeHUEM BOAO-
noaorpesaterest | n Il cTyneHn; A — ¢ AByXCTyneH4YaTbiM MOCACAOBATEAbHbIM
rpucoeanHeHmnem Boaoroaorpesateresi | m Il ctynenm; e — ¢ napasreAbHbim
MPUCOEAMHEHNEM BOAOTIOAOTPEBATENS! 1 OAKOM-aKKYMYASITOPOM
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IMocsenoBaTebHYIO OfHOCTYIEHUaTyo cxemy (puc. 2.21,6) npucoeante-
HUS TEIIOOOMEHHIKA CHCTEMbI TOPSYETo BOAOCHAGKEHS], HA3bIBAEMYIO TaK
JKe TTPEJIBKIIIOUEHHOM, B HACTOsIIIee BpeMs He TpuMeHsTioT. OCHOBHOE ee 3Ha-
YeHUe COCTOSIIIO B MOJTBEP;KICHUN BO3MOKHOCTH pacdyeTa HapysKHbBIX TEIJI0-
BBIX CeTell TIPH 3aKPBITOI cXeMe TeIIOCHA0KEH ST He Ha MaKCUMAaJIbHYIO, a Ha
CPEIHION HAarpy3Ky ropsiuero BogocHabkerust [27]. CereBast Bojia, TIOCTYIIAK0-
as U3 TEIJIOCETH JJIS OTOIJIEHHSI W TOPSIYEro BOJAOCHAOKEHWUS, TIPOXOIAUT
yepes TemIo0OMEHHIK, a 3aTeM HECKOJIBKO OXJIAsKACHHON MOCTyMaeT B CMe-
CUTEJIBHBIN y3eJT cucTeMbl oTorieHust. Kpan Ha epeMbruke (Ha pric. Bbieste-
Ha cepbIM 11BeTOM ) rrepekpbIT. Kianan PP (peryssitop pacxona), yctaHOBIEeH-
HBII Ha TIepeMbIYKe TeIT000OMEHHIKA, TOJIydast KOMaHAHBII UMITYJIbC OT W3-
MEpUTEBHON JuadparMbl OTKPHIBAETCST 0OPATHOIPOIIOPIIMOHAIBHO 3aKPhI-
tnto kianana PT (peryssitop TemmepaTypbl) 1 KOMITIEHCUPYET HEZOCTAONTII
Pacxo/l TETIIOHOCHUTEJIS JIJIST CHCTEMBI OToTIeHUs. [Ipr 5TOM TuipaBIndecKuit
PEKUM CUCTEMBI OTOIJIEHUS, B OTJUYHE OT TENJIOBOTO, OCTAETCS MTOCTOSTH-
HBIM. Be3ycioBHO, TaKoll rUIPaBINIECKUN PEKUM He TIPUCYIIT COBPEMEHHBIM
JBYXTPYOHBIM CHCTEMaM OTOIJICHUS ¢ IEPEMEHHBIM THAPABIMYECKIM PEKHU-
MoM. B reniblii epro roja, Korja He paboTaeT cucTeMa OTOIJIEHHs, OTKPbI-
BAOT 3aMOPHBIN KpaH (HA PUC. BBIJICTEH CEPbIM I[BETOM) W HAIPABJSIOT
TEIJIOHOCHUTEJT TIOCTIE TEIIOOOMEHHHKA B TEIJIOCETh, MUHYSI KOHTYP CHCTE-
MBI OTOTIJICHUS.

Ha pacecmarpuBaembix cxemax PT pacriosioskeH mmociie TermiooOMeHHUKa.
BosMoskeH BapHaHT PacoNOKEH s TIepe] TEMI00OMEHHUKOM, €CJIH TaKoe pe-
MeHne MPeyCMOTPEHO TEXHUIECKUM OTMCaHueM. [IpernMytiecTBEHHBIM SIB-
JISIeTCsI TIEPBbIil BADMAHT, TIO3BOJISIIOIINET YMEHBIIHTH BEPOSITHOCTH 0Gpas3oBa-
HUS KaBUTAIMN W YJIYUIIATh YCIOBUST paOOThI PETYISTOPA.

B mapasiieibHO# OIHOCTYIIEHYATON cXeMe Mpu COOJIOEHIN TETIOTHI-
PaBJIMYECKOTO PEKUMA TEILIOCETH PaboTa CHCTEMBI TOPSIUEro BOJOCHAOKEHUS
He BMsieT Ha cucteMy oTomsenns. (puc. 2.21,8). CereBas Bojia moctymnaer B
TEIIO0OMEHHUK CHCTEMBI TOPSYEro BOAOCHAGKEHUST U BO3BpAIaeTcsl B 00-
PaTHBIN TPYOOIPOBOI TEIIOCETH. PAacXo/l ceTeBOil BOJIBI 3aBHCHT OT €€ TeMIIe-
patypel 1 usMeHsiercst mpu pabore kinanana PT. TTockosbky pabora mapaji-
JIEJIBHO TIOAKJTIOYEHHOTO TEIIOOOMEHHIKA He 3aBUCUT OT PabOThI CHCTEMBI
OTOIJICHUS, KaK ¥ B TIPEABIIYIIEH cXeMe, ITyCK U PETYJIUPOBKY CUCTEMBI TOPSI-
YEro BOJOCHAOKEH S OCYIIECTBIISIOT IIPH OTKJIOUYEHHO CHCTEME OTOILIEHNUSI.

OpHOCTYIIEHYaThIe CXeMbl MOAK/IIOUEHHUST CHCTEM TOPSTIEro BopocHabxe-
HUS IMEIOT IPEUMYIIECTBO B CUCTEME TEIIOCHAOKEeH!S HeOOJIBIIOTO PaIny-
ca IeiCTBUS, TIOAKIIOUEHHON K palfoHHOM KOTeIbHOMN. [IpuHSITO cunTaTh, 9TO
[IPU YBEJIMIEHUH MOIITHOCTH U PaJNyca JAeHCTBUST CUCTEMBI TEIJIOCHAOKEHUS
JIBYXCTYIIEHUYATBIE CXEMbI TIPHCOEMHEHUST CUCTEM TOPSYEro BOJOCHAOKEHUS
CTAHOBATCS 00Jiee SKOHOMUYHBIMU, CIIOCOOCTBYSI YMEHBIIEHUIO THaMeTPOB
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Tpy6onpoBooB Termmocetd [28]. OpHaKo MapauiejibHYI0 OMHOCTYIIEHIATYIO
CXEMy CJIEyeT OIEHUTh C COBPEMEHHBIX MO3MIHii aHeprocohepexerust. 1o
CPaBHEHUIO C JBYXCTYIEHYATOH, OHa 0OeCIieYrBaeT MEHBIIE THIPABJITYEC-
K€ TIOTePH, MEHBIITIE TETJIONIOTeP! 1, YTO HEMATOBAKHO, OHA TOPA3Io TIPOo-
me. JIByXCTyIleHYaTble CXEMbl, ¢ HCIIOJIb30BAHMEM TEILIOThl 13 OOPaTHOTO
TPYGOTIPOBO/IA CUCTEMBI OTOTLIEHHS, 00ECTIEYNBAIOT PabOTy B TIPUMEPHO pac-
YETHOM PEKHUMe OUeHb KOPOTKUI TPoMeRyTOK Bpemenu (10 10 %), Torma kax
B OCTAJIbHOE BpeMsT TPeOYIOT 3HAYUTETHHBIX 3aTPAT Ha TTEPEKAUKY TETIOHOCH-
TeJIsl.

B aByxcTyneuaToit cMenaHHON cxeMe MPUCOEIMHEHUST CUCTEMBI TOpsTIe-
TO BOMOCHAOKEHVST BOIOTIOIOTPEBATENH PA3/IeieH Ha JBa TETI00OMEHHUKA
(puc. 2.21,r). TTepBbiii TEMIOOOMEHHIK TOAKIIOUYEH TTOCTE0BATENBHO K CHC-
TeMe OTOILIEHUs, @ BTOPO# — IapaJiesibHo. Bozia u3 ropojickoro BoJiopoBo-
na B1 moctymaer B TeMI00OMEHHNK TIEPBOH CTYIIEHH, T/I€ TIOIOTPEBAETCS 32
CYET OCTATOYHOT TETIIOTHI BOIBI B 0OPATHOM TPYOOTIPOBOJIE TETLIIO0OMEHHNKA
BTOPOH cTyIieHu 1 B oGpaTHOM Tpy6Gomposoje T2 cucreMbr OTOIIEHNUST. 3aTeM
BOJIa TIOCTYTAET B TEMLIOOOMEHHUK BTOPO#T CTYTIEHH, T/l IOTPEBAETCS 110 TPe-
GyeMoii TeMIIepaTyphl 3a CYET TEILTOTHI CETEBOU BOJBI U HATIPABJISIETCSI B TPY-
6orpoBon T3 crcTeMbl TOpsTYero BoAocHabKeH s, B eTHHIT Tepruot BpeMeH
MIOJIOTPEB BOJIBI OCYTIECTBISAIOT aHAJIOTHIHO. OTINYIe COCTOUT JIUIIh B TOM,
YTO CHCTEMA OTOILIEHST OTKITFOUEHA 1 B TIEPBYIO CTYTIEHB TTOCTYIIAET TETIITOHO-
CUTEJb TOJIBKO CO BTOPOH CTyTeHu mojorpeBa. [Ipr Hamuum mupKyIsIuoH-
HOTO TPYGOTPOBOMIA CHUCTEMBI TOPSIYETO BOMOCHAGKEHUS €T0 TOAKII0YAI0T
MESK/TY TIEPBOI 1 BTOPOU CTYTIEHSIMU HAarpeBa.

Ornune IByXCTYTIEHYATOTO TIOC/IEI0BATETHHOTO TPUCOEAMHEHUS TETLIIO-
ob6MenHnKOB (puc. 2.21,1) ot cMenranroro (puc. 2.21,r) coCTOUT B TOM, 4TO
TEIJIOHOCUTEJIb CO BTOPOU CTYIIEHHU IIOCTyIaeT B CUCTEMY OTOILJICHUS aHaJIo-
TUYHO MPEABKIIOUYEHHOMY TerioooMeHHuKy (puc. 2.21,0). JIByxcryrieHuaTas
TOCTIeIOBATENbHAS CXeMa TPUCOENHEHNST TETITO0OMEHHIKOB CUCTEMBI TOPSI-
4ero BopocHabKeH st TpeOyeT HaIMIrst MOBBIIIEHHOTO TeMIIEPaTyPHOTO Tpa-
(bKa TEeHTPATbHOTO PETYJINPOBAHUS TI0 CYMMAapHOIH Harpyske, B KOTOPOM
CTIeIaTbHAs TeMIepaTypHast HabaBKa 0OeCTIeUMBaeT MOCTOSHCTBO PACXO/A
CeTeBOi BOJIbI HAa YPOBHE Pacxo/ia LIl cucTeMbl oToIleHus. Takas cxema 110-
3BOJISIET BBIPABHUBATH CYTOUHBII PACXOJl BOJBI M TETLIIOTHI HA TOPsiYee BOJIO-
cHabKeHme 32 CUET 3aMMCTBOBAHUST OT CHCTEMBI OTOTLIEHHST, & TAKIKE TTOKPDI-
BaTh CPEMHIOID HATPY3KY TOPSUETO BOAOCHAOKEHUS 3a CUET TIOBBITIEHIIS
TEMIIEPaTyPbl CETEBO BOABI. DTO CHOCOOCTBYET CHUKEHUIO CTOMMOCTH Ha-
PY’KHBIX TEIJIOBBIX ceTell. OHAKO MPU BCEX MPENMYIIECTBAX JaHHOM cXe-
MBI, OCYIIECTBJIATL ee HalIaJKy U KOPPEKTUPOBKY 3HAYUTEJLHO CJIOXKHEe,
4eM TIPY TTapaJIeIbHON U CMETTaHHOM, a TOBCeMeCTHOe HecOoOT0/IeH e Tpa-
(buka TemiepaTyp TEIJIOHOCUTEJIS JIUILIAET ee BCeX IPerMylIeCTB.
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Hawubombiitee pacmpocTpaHeHye Oy YN CIEYIONIHe CXeMbI TPUCOETN-
HEHUS TeIT00OMEHHIKOB CHCTEMbI TOPSiuero BopocHabxkenust [29]:

® [apaJjiiesbHasd ¢ 3aBUCUMBIM IIPUCOECAMHEHNEM CUCTEMbI OTOILJIEHNI,

® JByXCTyleH4YaTasdA CMelllaHHasd ¢ OrpaHnYeHNEM MaKCMMaJIbHOTO Pacxo-
J1a ceTeBoi BOJbI U 3aBUCUMbIM ITPUCOCAMHEHNEM CUCTEMbBI OTOIIJIEHU A,

® JByXCTyIleH4YaTasA CMeIIaHHasd ¢ OTpaHUMYEeHNEM MaKCUMaJIbHOI'O pacxo/ia
CeTeBoit BOJIbI 1 HE3aBVICUMbBIM IIPHUCOCIMHEHNEM CUCTEMbI OTOIIJICHU .

B mpuHIMaeMbIX cXeMaX MOAKTIOUEHHsI CHCTEM TOPSYEro BOAOCHAOKE-
HIST HOPMUPOBAHO KOJMYECTBO YCTAHABINBAEMBIX TETIOOOMEHHUKOB B CTY-
neHsx mogorpesa [3]. Tak, HeoGXOANMO TIPUHIMATD /IBA TIAPAJITETHHO BKITIO-
JEeHHBIX B KQXKIOH CTYIEHN BOJOBOASHBIX TTO/I0TPEBATENS, PACCINTAHHBIX Ha
50 % TensoBOroO MOTOKA KaK/IbINA. [Ipr MaKCHMAIbHOM TEIJIOBOM MOTOKE Ha
ropstaee BofiocHabskenwe 10 2 MBT ciieryet mpeycMaTpiuBaTh B KaKIOH CTy-
TIeHN TIOJIOTPEBA OJINH BOIOTIOIOTPEBATEND TOPSTYETO BOAOCHAOKEHST, KDOME
3/IaHUH, He IOMyCKAONNX MepephiBa B Mojade TETJIOTHl Ha ropsdee BOJO-
cHabskeHme.

B TIpOMBITIIZIEHHBIX U CeThCKOX03SHCTBEHHBIX MPENPUATHSIX YCTAHOBKA
MBYX MapasIelbHO BKIIOUEHHBIX BOAOTIONOTPEBATENEH TOPSYET0 BOAOCHAG-
JKEHUST JITTST XO3STHCTBEHHO-OBITOBBIX HYIKIT MOKET TTPEyCMATPUBATHCS TOIh-
KO /I7IsT TPOU3BO/ICTB, HE JIOTYCKAOIINX MepephIBOB B MOJade TOPsTIeii BOIBL.
Kpowme Toro, B cucteMax TOPsTIeTo BOAOCHAGKEHHS TTPOMBINIIEHHBIX TIPEJT-
TIPUSTHI JTST BBIPABHUBAHIST CMEHHOTO Tpaduka moTpebIeHust Boabl 00hek-
TaMH1, UMEIOIINMH COCPEI0TOYEHHBIE KPATKOBPEMEHHBIE PACXO/IBI BOZIBI HA TO-
pstuee BOOCHAGKEHNME, TOJUKHBI TIPELYCMATPUBATLCS OaKU-aKKyMYISTOPHL.
Jl1st 06BEKTOB TTPOMBITIIEHHBIX TPEATTPUSITHIH, TMEIOTNX OTHOIIEHUE CPETl-
HETO TETJIOBOTO MOTOKA Ha TOPsTYee BOTOCHAOKEHNE K MAKCMATTLHOMY TETLIIO-
BOMY TIOTOKY Ha oTorutenue Menbite 0,2, 6akn-aKKyMyJISITOPbI He YCTaHaBIIH-
BAIoOT.

Cxema y3Ja IPUCOEANHEHNS K TETJIOBOI CETH CHCTEMBI TOPSTYETO BOIO-
cHaOKEHUST ¢ HIKHIM GaKOM-aKKyMYJISITOPOM ITOoKasaHa Ha puc. 2.21,e. AKKy-
MYJHUPOBAHWE TETLTOTHI OCYIIECTBISETCS CAEAYIONM 00pa3oM: TIPU OTCYT-
CTBHHM BOOPa300pa B CHCTEME TOPSTIET0 BOIOCHAGKEH ST WIIH TIPU BOZIOPa30ope,
He TIPEBBITIAOINIEM PACIeTHOTO 3HAUEHM, BOJIA TIUPKYJIUPYET TI0 aKKyMYJIsI-
IMOHHOMY KOHTYPY: M3 TelT00OMEeHHNKA B 6aK-aKKyMYJISITOp U 0OpPaTHO B
TermoobMeHHK. C TOCTIKEHNEM 3a]aHHON TEeMTIEPATyPBI BOIBI HA TaTINKE
TEMITEPATYPHI B Hake-aKKyMYJIITOPE H OTCYTCTBUN BOAOPa3bopa MUPKY SIS
mpekparaercs. [Ipin oCTBIBAHUK BOJBI B Gake-aKKyMYyJSITOpE TTHPKYJISIINS
Bo306HOBIsIETCsT. [IpU Botopasbope, MPEBLIAIONIEM PACYETHBII PACXOJ, Ofi-
Ha YacTh BOJBI 13 BOZIONIPOBOZIa B1 Hampasisiercss HaCOCOM aKKyMYJISAIINOH-
HOTO KOHTYpa B TETIOOOMEHHUK, a BTOPas, M3-32 HU3KON MOJAauN HACOCA,
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HOCTYIAeT B HUKHIOK YacTh GaKa-aKKyMYJISITOPa U BBITECHSIET TOPSTUYIO BOILY
U3 ero BepxHeil yactu B Tpy6onposon T3 BomopasGopHoro koHtypa. Ilpu
YMEeHBIIEHUH BOA0Pa3bopa HUKE PACYETHOTO 3HAUCHUS MIPOIEypa 3apsiiKu
Gaka-aKKyMyJIsITOpa BO30OHOBJIsIeTCsE. TaKol MOAX0JL MO3BOJISIET YMEHbBIINTD
TEII00OMEHHNK M B MOMEHT MaKCHMaJIbHOTO BOopasbopa He 3auMCTBOBATh
HEJIOCTAIONLYIO TETIOTY Y CHCTEMBI OTOTLIIEHUSI.

Jlg 3manuii, BBICOTOR Gosee
50 M (cBbime 16 ataxeii) caemnyer
MIPeLyCMaTPUBATD Pa3/ieIeHUe CHC-
TEM IIEHTPATU30BAHHOTO TOPSYETO
BOJIOCHAOKEHUST HA 30HBI 0 BEp-
TUKAJIN C CAMOCTOSITEJIbHBIMU TETI-
JIOOOMEHHUKAMX B TEIJIOBOM

MYHKTE, C CAMOCTOSITEJTbHBIMU Pa3- _.ﬂ_@. Ta—
—Bi

- -
[
BEPXHAA 30HA

BOAKaMI U OTZAECJIbHBIMHN CTOAKaMU

HWKHAA 30HA

JU7IST KasKIOH 30HBI (puc. 2.22). ITO = =
BBI3BAHO OIPaHUUYEHUEM JIOITyCKae- C
MOTO JIaBJICHUST BOJIBI TIEPE]T 3a1Top- _L _i.

HOi1 1 BOLOPa3OOPHOIT apMaTypoit Ti—
o0 0,6 MIIa [30; 31]. [dns sxumbix
3/IaHUI 9TO 3HAUYEHUE CHUKEHO /10
0,45 MIla [32]. Kpome Toro, TIe-
pell Temnoo6MeHHIKAMI BepXHEiT Puc. 2.22. ToakAoyeHne cnucrtembl
30HBI HA MOIBOJIKE XOJIOIHOH BO- ropst4ero BOAOCHaGxeHMs
JIbI TIPElyCMaTPUBAIOT TIOBBICH- BbICOTHOTO 3AaHWA

TeJIbHBIN HACOC.

V311 iprcoenHeHrst abOHEHTOB B 3amiajHoll EBpolie MMeoT aHaioruy-
HbIe cxeMHble peniennst. Hanpumep, B CKaHAMHABAN Yallle BCETO TPUMEHSIOT
JIBYXCTYTIEHUATYIO CMEMIAaHHYI0 CXeMYy MPUCOEIUHEHUS CUCTEMbI TOPSYEro
BOJOCHAOKEHUS ¢ PEKyIepaTUBHBIMU TeriooOMeHHKaMu. B Tepmanuu —
cxXeMy ¢ bakaMU-aKKyMYJISITOPAMI, TIO3BOJISTIOIIIMMU PEATM30BaTh MHOKECTBO
TU/IPABINYECKUX CONpsiKeHuid. [Ipr 9ToM HMCIoJIb3yIOT HE TOJBKO HAKOIH-
TesibHbIe cxeMbl (6aK 6e3 BCTPOEHHOTO TEIIOOOMEHHIKA), HO U aKKyMYJIHPY-
forre cxeMbl (6aK o BCTPOEHHBIM TeIIooOMeHHUKOM) [33], a ux moakoue-
HIE OCYIIECTBJISIOT Kak K TPYOOIPOBOIAM TEILIOCETH, TaK ¥ K TPyOOIIPOBOaM
cucteMbl oTolteHus [34].

B paccMOTpEeHHBIX y3J1ax TPUCOSMHEHUST CHCTEM TOPSIUero BopocHabxe-
HISI IIAPKYJISIIMOHHBIE HACOCHI PACIIONOKEHBI Ha IIUPKYJISIIIMOHHOM TPy60-
nposoje T4, 1. e. 10 TermooOMeHHNKA. Tak MOCTYHAIOT IIPHU JOCTATOYHOM JIaB-
JieHnH B BojonpoBoie B1 ist paGoThl cricTeMbl ropsiuero BogocHabkeH s, B
POTUBHOM CJlydyae, KOTJa JaBjIeHre B BOAONPOBOE 63 MOBBICUTENHLHOTO

| *—‘l =12
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Hacoca b0 TMPH eTo HAJTWINN He-
ZOCTAaTOYHO, TNPKYJIATINOHHBIN Ha-
COC YCTAHABJMBAIOT Ha IO/IAIOIIEM
TpybGonpoBoge (Ha puc. 2.23 moKa-
3aH TYHKTHPOM), paclojaras 3a
TerooOMeHHUKOM. MHorma mpu
MaKCUMaTbHOM Boopasbope B cuc-
TeMe 06pa3yeTcss BSHAYNTETbHAST OCTa-
TOYHAs IMPKYJISAINS, YTO SIBJISIETCST
HEJIOIyCTUMBIM. B aToM ciryJae paHee
yCTpanBaJiu TIepeMbIuKy (Ha puc. 2.23
TIOKa3aHa MyHKTUPOM ) OT IIUPKYJISITH-
OHHOTO K pacHpeieTuTeTbHOMY TPY-
Puc. 2.23. YcTpatenne  octatounoi OOTIPOBOY BOKPYT MOJOTpEBATE/IsA
LUMPKYASALMM B CUCTEME BTOpOﬁ CTyIieH"n TeHﬂOO6MeHHI/IKa
ropsuero BOAOCHaGXeHusi  TIPU JIBYXCTYTIEHYATOM CXeMe MU Ya-
CTH TIOZIOTPEBATEJIST TPH OHOCTYTICH-
yaroii cxeme. /lnameTp mepeMbluKy paccYUThIBasu 110 MeTouke [30], npu He-
0OXOIMMOCTH YMEHBIIIAs IABTIEHNE B TPYOOTIPOBOIE XOIOTHON BOJIBI U YBSA3DI-
Bast COTIPOTHUBJIEHVE TIEPEMBIUKH C COMTPOTUBIEHNEM TETTOOGMEHHITKA TAKITM
06pa3oM, 9TOOBI TTPH MAKCUMATBHOM BOIOPa3dope dacTh MUPKYIISIIHOHHOM
BOJIBI TTPOXOJIMIA TIO Hel, MUHYST TETIIO0OMEHHHK, a TPU MAJIOM BOZIopazbope
GOMBIMAsT YacTh IMUPKYIAIMOHHON BOABI TIPOXO/IMIA Yepe3 TeTUIOOOMEHHIK
BCJIEICTBHE HOJIee 3HAUUTETHHOTO COTIPOTHBIIEHIST TIEPEMBIUKI.
B paceMOTpeHHbIX cxeMax TpUMeHeH TpYOOTIPOBOT ITPKYJISTIIMOHHON BOBT
T4. JlomryckaeTcst He IpeyCMaTpUBATh IIUPKYJISIINIO TOPsTYeil BOJBI B CHCTe-
Max TeHTPATIH30BAHHOTO TOPSTIETO BOIOCHAGKEHHUS ¢ PETTaMEHTHPOBAHHBIM
0 BpeMeHH MoTpebIeHneM TOPsTIeil BOAIBI, €CITN TEMITEPATYPa €€ B MECTAX BO-
mopasbopa He CHUKAETCST B 9TO BPeMsT HIKe HopMupyemoit [31].
[MpKyIATIMOHHLIN TPYOOTTPOBO/ TIPETHASHAYEH JITTST ITUPKYISIIN BOHI B
CUCTEMe TOPSTIETO BOMOCHAOKEHMST, 0OECTIEUNBAIONIEH KOMITEHCAINIO TETLIO0-
moTepb B TpyOOTpoBoax. IIMpKyISIIHOHHLIN PACXO/ TOPsTYell BOIBI paccym-
THIBAIOT 110 [31] ¢ yueTOM OCTBIBaHIST BOABI B TPyGOTpoBoax Ha 8,5 o 10 °C
B 3aBUCHMOCTH OT TH/IPABIMYECKIX YCIOBHII B cICTeMe. B BBICOTHBIX 3/1aHN-
SIX HTOTO TIEPETTajia TEMITEPATYP BOIBI 3a9ACTYI0 GBIBAET IOCTATOUHO JIJIsT 0Oec-
TIeYeHUsT IUPKYJISAINAN 32 CUeT TPaBUTAIIMOHHOTO MaByeHns. Vcnomp3oBanne
TPaBUTAIIMOHHOTO JIABJIEHUS TTO3BOJISIET OTKA3aThCs OT TIPUMEHEHUST IIHPKY-
JISITIHOHHBIX HACOCOB, HO € 00SI3aTETbHBIM TPHMEHEHNeM HATIOPHBIX GAKOB aK-
KYMYJIITOPOB, 9TO PEKOMEHIOBAJIOCH PaHee, Kak sHeprocHeperaotiee peire-
Hue [ 17], ocHOBBIBatoOIIIEecsT Ha OTCYTCTBUH Hacoca. B HacTosIee BpeMs Takne
perienust Takke peanusyior [35]. OnHaKo B COBPEMEHHBIX CHCTEMAX TOPSTYEro

TENNOCETL
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BOJIOCHAOKEHNs TPUMEHSIFOT MHbIe TEXHUYECKHe MOAXO[Abl 110 obecrede-
HUIO 9HeprocOepesKeHUsT PU MOBBIIIEHUH KayecTBa JaHHONW KOMMYHa Ib-
HOM yCJIyri.

CoBpeMeHHbIE CUCTEMBI OCHATIATOT TEPMOPETYJISTOPAMU HA IIUPKYJISIIN-
OHHBIX TPYOOIIPOBOIAX CO BCTPOECHHOH (hYHKIIHEN TePMUYECKON Ae3uH(pEKIN
npu Temieparype 70 °C. [lyist aToro o6ecrednBaoT HIKINYHbBII TeMIeparyp-
HBII 1 THAPABIMYECKHUIT pesKIIM paboThl cricTeMbl. OCyIeCTBUTD €T0 BO3MOK-
HO TOJIBKO C HACOCHOH IMpKyJsaimeil Bosbl. CrenyeT Tak:ke OTMETUTH, YTO
YKazaHHbIE paHee TIepernajibl TEMIIEPATYPhI BOJIbI BCJIEACTBUE €€ OCTBIBAHUS B
TpyOOIPOBO/IAX B JiBa pasa BbIllle, 4eM B 3apyOekHbIX cucTeMax. [IpuanHoii
TOMY SIBJISIETCSI HEIOCTATOYHAS TEIJIOM30JISIIINSA TPYOOIPOBOAOB U HaUUKe
MOJIOTEHIIECYITUTEEN, UTO TIPUBOUT K YBEJTMUEHHIO TIMPKYJISTITHOHHOTO pac-
XO071a BOZIBI M CHUYKEHUIO 9HEPT0A(D(MHEKTUBHOCTH CUCTEMBI. Y JIyUIIEeHIS IHEP-
103G (HEKTUBHOCTH CUCTEMBI TOPSIUET0 BOAOCHAOKEHNUST IOCTUTAIOT TIPUCOE/IH-
HEHUEM MOJIOTEHIECYIIUTENNeil K crucTeMe OTOIJIEHUS JHO0 TpUMeHEeHneM
3JIEKTPOIIOJIOTEHIIeCY TN TE e,

TemrepaTypHbIil PEKIM TEMJI00OMEHHUKOB B OTEUECTBEHHOI TIPAKTHKE
npoekTrpoBanust Hopmuposad [3]. [lpn pacyere moBepxHOCTH HarpeBa BOJIO-
BOJISIHBIX TOJIOTPEBATEICH IS CUCTEM TOPSIYEro BOAOCHAOKEHUS B TTOIAI0-
meM TpyOOIPOBOIE TEIIOCETH CJIeyeT MPUHUMATh TeMIlepaTypy B TOYKe
n3joma rpacduka TeMiepaTyp BOIbI UM MUHUMAJIBHYIO TEMIIEPATyPy BOJIBI,
€cJIM OTCYTCTBYeT u3oM Tpaduka temreparyp. [Ipu pacuyere moBepxHOCTH
HarpeBa BOJOIOA0TPEBATE/IEH TOPSIUEro BoA0CHabKEH!sT TeMIIepaTypy Harpe-
BaeMOIl BOJIBI HA BBIXOJIE U3 BOJIOTIOZIOTPEBATENIEll B CUCTEMY TOPSTYETO BOJIO-
cHabkeHus caenyer mpuHuMath paBHoii 60 °C [3]. TemrepaTypy BoJIbl B Mec-
Tax Bozgopasbopa HeobxoauMo obecrieurBaTh [31]:

a) He HIzKe 60 °C — 1719 crucTeM MEeHTPaJTM30BaHHOTO TOPSTYETO TETLIO-
cHabKEHW, IPUCOCAUHSIEMbIX K OTKPBITBIM CUCTEMaM TeIIocHabxKe-
HUST,

6) He Huske 50 °C — IS CHCTEM IIEHTPATMB0BAHHOTO TOPSTYEro TeIIocHat-
SKEHUST, IPUCOEMHSIEMbBIX K 3aKPBITBIM CUCTEMAM TEILIOCHAOKEHMSL;

B) He Bbiiie 75 °C — J1JIs1 BceX CHUCTeM, YKa3aHHbIX B OAMyHKTax "a" u "0";

r) He Boime 37 °C — 71 TOMeIeHnH IeTCKUX JONTKOJIBbHBIX YUPEKIeHUT.

lI]IH CKOPOCTHBIX CEKIIMOHHbBIX BO/10-BO/IAAHBIX BOlIOHOZIOI‘peBaTe.HefI CJie-
AYET IPUHUMATD IIPOTUBOTOYHYIO CXEMY ITOTOKOB TEH]IOHOCI/ITEJIeﬁ, IIpn 9TOM
rpemilada Bo/Jla U3 TEIJIOCETU JIOJIKHA ITOCTYIIaTh B M6>KTPY6HO€ TIPOCTpaH-
CTBO. KpOMe CKOPOCTHBIX BOZIOHOZIOFpeBaTe]Ieﬁ JOITYCKACTC IIPUMEHATH BOJO-
roporpeBaresinn Ipyrux THUIIOB, NMEIOINE TEXHUYECKNE U IKCITyaTallUOHHbIE
XapPaKTEPUCTUKN HE HUIKE, YEM Y CKOPOCTHBIX, B TOM YHCJIE U TIJIAaCTUHYATbhIC [3]
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THookmouenue cucmem opAuezo 6000cHabICeHUS. COBPEMEHHBLX 30anuil k cu-
cmeme ueHmpaiu306anHozo MenaocHabicenus. npeumMyuecmeernto peaiu3y -
10om yepe3 CKopocmHuvle niacmunuamaole menuooOMeHHUKI.

2.8. OCOBEHHOCTM COBPEMEHHbIX CMCTEM
TOPAYEIO BOAOCHABXEHWMA

ABTOMATH3MPOBAHHbIE CUCTEMBI TOPSIYEr0 BOIOCHAOKEHIS COBPEMEHHBIX
€BPOTIEUCKUX 3/IaHUI UMEIOT OTJANYUS OT HAIUX TPAAUIIMOHHBIX cucTeM. B
HUX OCYIIECTBJISIOT:

TepPMOPEryJIMpOBaHNE TIUPKYJIAIIUMOHHBIX TPYOOIIPOBOIOB;
TEPMUYECKYIO Te3UHMEKINI0 TPyOOIPOBOJIOB;
CTabUIIM3ATINIO TEMIIEPATYPBI BOZIBI Y TIOTpeOuTE s,
CTabUIIM3AIINIO IABJIEHUS BOJIBI Y TIOTPeOUTE IS,

[TocTerienHo 9TH HOBIIECTBA BXOAAT B OTEYECTBEHHYIO TIPAKTUKY IIPOEK-
TupoBaHus. Eciu elle He Bcerjla MbI UX IPUMEHsEM, TO, IO KpaliHell Mepe,
MpeycMaTprBaeM BO3MOXKHOCTb MOJIEPHU3AIMK CHUCTEMBI TOPSYEr0 BOJO-
cHabskenust B OyyiieM. Beab coBpeMeHHbIE 3/[aHUs CTPOSAT CO CPOKOM DKC-
mwryataiuu 100 1 6osiee siet [36], O3TOMY yIKe CETOJHSI CIIE/LYET OTCJAEKUBATD
MUPOBbIE TEHJIEHI[MN Pa3BUTUSA CHCTEM rOPSUero BOJI0CHAOKeHUs U n3berarh
TAKMX TEXHUYECKUX PEIIEHI, KOTOPbIE Obl YCJIOKHIIIN UX MOJIEPHU3AIIHIO.

TepMoperyiMpoBaHueM TUPKYJIAIIMOHHBIX TPYOOIPOBOJIOB JIOCTUTAIOT
AHEProcHEePeraoIero u cCaHuTapHO-TUrHeHnYeckoro addexTos. OHU ocHOBa-
HBI Ha CIIEYIOTICM:

® BO-TIEPBBIX, BRIPABHUBAETCS TEMIIEPATyPa BOJIBI BO BCEX CTOSIKAX CHCTeE-
MBI 32 CUET ee TepepacrpeieeHnst ¢ OJUKHIX OT TEIJIOBOTO IyHKTA
CTOSIKOB K JIAJTBHUM, Y€M YCTPAHSIOTCS W3JUIIHUE TEIJIONOTEPU B
OJIVZKHUX CTOSIKAX;

® BO-BTOPBIX, COUETAIOTCS TTOJOKUTEIbHBIE CBOHCTBA CHCTEMBI TOPSIYETO
BOZIOCHAGKEHMST €3 IIUPKYJISIUOHHBIX TPYOOIPOBOIOB U CHCTEMBI €
WX HAJIWYUEM, T. €. CHIZKAIOTCS 3aTPaThl HA TEePEeKauyBaHIE BOJIBI U
obGecrieunBaroTcst TpebyeMble ee TTapaMeTphl y OTPeGUTEIS;

® B-TPETHUX, CHCTEMa JUHAMIYECKH TOJICTPAUBAETCS IO/l HEPABHOMED-

HOCTB BOIOpPa30opa 1 OrpaHIMYMBAET PACXO/] BOBI B IIUPKYJISAIIMOHHBIX
TpyOOIPOBOAAX Ha MUHUMAIBHO HEOOXOANMOM YPOBHE.

BesycioBHO, peanzoBath Bce 3TO BO3MOKHO TOJBKO B CUCTEME TOPSTYETO
BOJIOCHAOKEHUS ¢ HACOCHOM IIUPKYJIAIMEH, a rpaBUTAIMOHHAS [IUPKYJISIIUS
oOpeKaeT CUCTEeMbI TOPSYero BogoCHabKeHe Ha 9HEPreTHIeCKy 0 Headdek-
TUBHOCTD. CXeMa CUCTEMBI TOPSTIEro BOAOCHAGKEHHUS ¢ MHOTO(DYHKIIMOHATBHBIM
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TEPMOCTATUYECKUM TIMPKYJIATTMOHHBIM kirartanoM MTCV (Bepcust A) moka-
3aHa Ha puc. 2.24,a. [Ipu npeBbIieHNN TeMIepaTypbl BOIBI B ITUPKYJISIIIHOH-
HOM TPyOOTIPOBOJIE HAJl 3aIaHHO Ha KJIaraHe OH MPUKPBIBAETCS, OTPaHIYN-
Bast TIUPKYJESIINIO /10 MUHIMYMa, COOTBETCTBYIOTIETO TETUIOTIOTEPSIM B TPY6O-
mpoBosiax. Ecim temmiepaTypa BO/ibI CTAHOBUTCST HUKE 33JJTaHHOTO 3HAYCHMS,
KJTaTlaH OTKPBIBAETCS U YBEJNMUYUBAET €€ IUPKYIAIo. Takum 06pa3oM Best
CHCTEeMa HAaXOJIUTCS B PAaBHOBECHOM TEMIIEPATYPHOM U TH/IPABINYECKOM
COCTOSIHUU.
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CucTeMbl TOPsTYEro BOIOCHAOKEHUST B TTO/IABJISTIONIEM GOJIBIIINHCTBE CJIy-
YyaeB UMEIOT IlepeMEHHbIN TuipaBIndeckuil peskuM. [ugpasinyecky ypaBHo-
BECUTb TaKUE CUCTEMbl BO3MOXKHO JIMIIDL aBTOMATUYECKUMM KjaraHamu. B
cooTBeTcTBUM ¢ [31] MpU HEBO3MOKHOCTH YBS3KHU MaBJIeHUiT B ceTn Tpy6o-
IIPOBOJIOB CHCTEM TOPSTIEro BOIOCHAOKEHMST ITyTeM COOTBETCTBYIOIIETO TI0/I-
Gopa muametpoB TPYO CJIEYeT TIPeLyCMaTpUBaTh YCTAHOBKY PETYJISITOPOB
TEMTIEPATYPBI BOABI WM AradparM Ha IUPKYIISIIHOHHOM TpyOOITPOBO/IE CHC-
Tembl. OJJHAKO, Ja’Ke B COBPEMEHHDBIX OTEUYECTBEHHDBIX 3/IaHUAX, YT UHBIM
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[yTeM: YCTaHABJAMBAOT MO0 maiGel 110 Hopme [31], mubo pyutbie GaarHcu-
POBOUHbBIE KJana#bl 110 HopMe [32]. Hu Te, HU /ipyrue He TIpeiHa3HAueHbI I
paboThl CUCTEMBI € TIEPEMEHHBIM TH/IPABIMYECKUM PEKUMOM |, TeM OoJiee, He
CrocoOCTBYIOT SKOHOMUH TEIIOBOI SHEPIUH.

Crieruukoii 0TeUeCTBEHHBIX CUCTEM TOPSUYEro BOJOCHAGKEHUS 10 He-
JlaBHero BpeMeHu [32], B oTjiMyre OT 3alaHbIX, ABJISAIACh HEOOXOAUMOCTD
00BETMHEHYS B TPYIIIBI BOAOPA3OOPHBIX CTOSKOB KOJBIYIONMME MEPEMbIY-
KaMU B CEKITMOHHBIE Y3JTbI C TIPUCOEITTHEHNEM KayK/I0T0 CEKITMOHHOTO y3J1a O/1-
HUM [UPKYJISIUOHHBIM TPYyGOIPOBOAOM K COOPHOMY IHUPKYJIAITMOHHOMY
TpyGOIPOBO/LY CUCTEMBI. B ceKIMOHHBIE y3JIbI OOBEIMHSIN OT TPEX JI0 CeMU
BO10Pa36OPHBIX cTOAKOB [31]. [lJIs TAKOTO TIPOEKTHOTO PENEHN TIeJIecoodpas-
Ha YCTAaHOBKA TEPMOPETYJISITOPOB Ha IUPKYJSAIMOHHBIX y4acTKaX, PaciioJio-
JKEHHBIX MEX/Ty TOYKAMU TIPUCOEIMHEHSI TIOCIEIHUX BOAOPA3OOPHBIX TPH-
GOPOB Ha CTOSIKAX U KOJIBILYIOIIEH mepeMbrakoil. Toraa TepMoperyJsiTopbl
OY/yT TIOJHOCTBIO CIPABJISITHCS C BO3JIOKEHHON Ha HUX 3a/[adeil — TepMope-
T'YJIMPOBAHUEM CHUCTEMbBI, KOTOPOE SABJISAECTCS CJEACTBUEM TUPABINYECKOTO
peryJampoBaHus.

Kpowme tepmoperysmmposanus, kiananamu MTCV (Bepcus B) moxxHO pe-
AJIN30BATh €llle U TEPMUYECKYIO Je3UH(EKIIO TPYOOTIPOBOIOB MIPU HUSKUX
temmneparypax — 70...75 °C. Takoii criocob obe3zapaskMBaHUs CUCTEMBI OT Ta-
TOTEHHBIX OAKTEPHIT TOBCEMECTHO TIPUMEHSIIOT B lalibHeM 3apybeskbe. Hopma-
TUBHO CTaJl OH aJIbTEPHATHBOM U B OJzkHEM 3apybeskbe |38] BMecTo TpyIo-
€MKOT0, 9KOJIOTUYECKN U CAHUTAPHO-TUTHEHINYECKH OTTACHOTO XJIOPUPOBAHUS,
npezmicsiBaeMoro Hopmoii [39]. [lonyckaembrii o [39] criocob aesunduim-
poBanus TPyOOIPOBOAOB AuaMeTpoM A0 200 MM U AIMHOM 10 1 KM ImyTeM 11po-
MBIBKY TOpstueil BOIOi TeMitepatypoii He Hike 83...90 °C, He mOIydns mmpo-
KOTO IPUMEHEHHU T. K. Ha TIPAKTUKE BBOJ[ CETEH U MX PEMOHT OCYIIECTBJILIOT,
KaK ITPaBUJIO, B JIeTHEE BPEMs, KOT/Ia MAKCUMaJIbHAsS TEMIIEPaTypa B TENJIOBON
ceru He npebiriaer 75 °C. Kpome Toro, HOpMaTUBHO He OrOBOPEHO IIPOIOJI-
JKUTEJIbHOCTD BO3/IENCTBUST BOZIbI TeMiiepatypoii 85...90 °C.

B kirartane MTCV (Bepeust B) criocob HU3KOTEMIIEpaTypHOR TepMirdec-
KOH /ie3nH(MEKINY KOHCTPYKTUBHO 3ajiaH. IIpu TOBBIIIEHUN TeMIepaTypbl
cBoitie 65 °C, CBUAETENBCTBYIONIEM O Havaje 1e3NHMEKITNI CHCTEMBI, TTepe-
KPBIBAaETCSA OCHOBHOI IIPOXOJI KJIallaHa ¥ OTKPBIBAETCS €ero BHYTPEHHUN baii-
nac. Kak tosbko temmepatypa Boisl qocturaet 75 °C, KJIaman moJHOCTbIO 3a-
KPBIBAETCS, 3AlUIIAsT CUCTEMY OT 0OPa30BaHUsT KOPPO3UH U OCAKAEHUST Ha
creHkax TPy KasmbiineBoro Hajieta. OpraHusoBaTh Takoil criocob ae3nHpek-
1IMM MOXKHO TOJIBKO TIPU TTOJIHOM aBTOMATHM3AIUU TEIIOTHUAPABINYECKOTO
pekruMa CHCTEeMbl C HACOCHOW IIUPKYJISIMEell BO/Ibl. Y IpaBjieHNe MTPOIeCccCoM
ne3nH(bEKINT, B TOM YHC/Ie BpeMeHEeM 1 ITPOI0JIKUTEbHOCTBIO €r0 TIPOBejie-
HUSI, OCYIIECTBJISIOT AJIEKTPOHHBIM peryssttopom, Hanpumep, ECL (puc. 2.25),
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y notpebuteas

KOTOPBII TIPOrPaMMUPYIOT Ha BhITIOTHeHWe MaHHoN dyukiuu. [Ipu aTom 3a-
JIAIOT TIEPUOANYHOCTD, BPEMS, JJIUTEIbHOCTD U TEMIIEPATypPy /e3WHMEKITNH.
Perynsarop ECL 1o anroput™my pUOTKPBIBAET KJIallaH PeryJisgTopa TeMiepa-
Typol PT 1 3a1yckaeT B CHCTEMY TOPSTYEro BOIOCHAOKEHNUST BOLLY C OBBIIIEH-
HOM TemnepaTypoil.

[IpenoTBpaIaoT BEPOSATHOCTh 0OPA30BAHUS OKOTOB y TOTpebuTeNnei
IIPU TIOBBIIIIEHUN TEMIIEPATYPBI BOJIBI B MOMEHT TEPMUYECKOH /1e3nHMEKITNN
CHCTEMBI TOPSTYETo BOJOCHAOKEHUS peryJisitopamu Temieparypbl TVM. mu
TAKKe CTAOUIIU3UPYIOT TEMIIEPATYPY BOJIbI, HAIIPUMED, B CMECUTEJE JIYIIa, Y
norpebuTesist Ipu KoJeGaHuu JaBIeHs UM Pacxo/ia Bojibl B cucteme. VX ye-
TAHABJIMBAIOT Ha TPYOOIIPOBOJ TOpsiueil BoAbI T3 HemocpecTBEHHO Tepes
BO10Pa3GOPHBIMK KpaHaMu, Jiubo cMecurensamu (puc. 2.25). Ouu noyiepsku-
BAIOT 33/IaHHYIO TEMIIEPATYPY 3a CUeT TTOAMENTUBAHNS BO/IbI U3 XO35HCTBEH-
HO-TIUTHhEBOTO BogonpoBozia B1. Takue kiamanbl co31ai0T TiepeMeHHOe TH/I-
PaBJIMYECKOE COMPOTUBJIEHUE U MOTOMY TPeOYIOT HACOCHOTO MOOYIKIACHUS
JIBUZKEHVSI BOJIBI B CHICTEME TOPSTIETO BOJOCHAOKEHMSI.

Oco6eHHOCTSMU CUCTEM BBICOTHBIX 3IaHUH SBJISETCS HEPABHOMEPHOCTD
JaBJIeHMsI BOZBL Y HOTpeOuTe el pasHbIX 9TaKeil, BbI3BaHHAA IeHCTBIEM IPa-
BUTAIIMOHHOTO JIABJICHM:, KOTOPOE He 0JKHO 1peBbimaTh 0,6 MIla [31], -
60 0,45 MIIa[32], a Takske HepaBHOMEPHOCTD JIABJICHYS, BhI3BAHHAS YBEJINYe-
HIEM KOJIMYeCTBA MOTpedOuTeell. YCTPAHSIOT 3TH HEAOCTATKY IPUMEHEHUEM
peryaTopos Aasienus nocie cebst RP 226 nenocpeactserHo tiepest norpebu-
TeJIAMU, HanpuMmep, kpaprupamu (puc. 2.26). B Takoii cucreme KaskIbli
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RP226TVM  morpe6utesb HAXOAUTCS B PABHBIX THIPABIHYCCKIX
YCJIOBHSIX W HE JIOTYCKAETCST Pa3pyIIMTEThHOE BO3-
JieficTBre M30BITOYHOTO JABJICHNs Ha BOIOPa3OopHbIe
KpaHbl 1 1p. Kpome ToOr0, IAaHHBIN PEryJIsITOp yCTpa-
HSIET HEJIOBOJIbCTBO NOTpeduTeNel B HEOOXOAMMOCTH
RP226 TVM TTIOCTOSTHHOTI'O PETYJIMPOBAaHUS TEMIIEPAaTypPbl BO/IbI
CMeCUTEJIsT, HaTlpuMep, B JIylile, U3-3a HePaBHOMEPHO-
¢ty BOJOPazbopa B CUCTEME TOPSYEro M XOJIOJHOTO
BOJIOCHAOKEHUSI.
RP226 VIpOIIEHHBIM BaPUAHTOM HEIOIYIIEeHHsT U30bI-
l T T TOYHOTO JIaBJIEHsI BOJIbI B BOJAOPa3bOPHOI apMarype
RP226 TV
ceprne 0,45 Mlla, a, cieoBarebHO, HE UMEIOIIErO
MPEUMYTIECTBA TT0 BHIPABHUBAHUIO TM/IPABJINIECKUX
YCIIOBUH Y KasKI0TO MOTPEOUTEIS, SIBISIETCS JeTICHIe
RP226 [0 BEPTUKAIU CUCTEMbI TOPSYETO BOAOCHAOKEHUS
< | 3MaHus Ha 30HLI [Ipw aTOM 3asaHHOE JaBJieHHE
- JIOJIZKHO TTO/IIEPKUBATBCSI aBTOMATHUYECKU TTOCDPE]I-
I CTBOM yTpaBjieHHust paboTOHl HACOCHBIX YCTAaHOBOK
Puc. 2.26. Crabuamzais P PETYTISTOPOB aBICHNS, YCTAHABTMBACMBIX Pas-
AaBAGHMS BoO- AEJTBHO JUIS KasK/I01 30HbI [32].
Abl'y NOTPedU- CoBpeMEHHbIE CUCTEMbI TOPSYEro BOAOCHAOKE-
Tenelt HUST OTJINYAIOTCS TaKKe MaJIbIMU TEIIOTOTEPSIMU B
TpybonpoBoax. VsMeHeHHe TeMIepaTypbl BOAbBI B
IIUPKYJISIIMOHHBIX KOJIBI[AX TAKUX CUCTEM He TIpeBbIlaeT mpumepro 5 °C, B To
BpeMsI Kak 110 oTeuecTBeHHOIT HopMe [31] ee puamMaroT pasHoi 8,5 ymbo 10 °C
B 3aBUCUMOCTH OT KOHCTPYKTMBHOTO WCIIOJTHEHUST cucTeMbl. CHUXKeHUE
TEIJIONOTEPh B TPYOOIPOBOAX JOCTUTAIOT UX KAUYECTBEHHBIM TEILIOU30JIPO-
BaHUEM, TIOBBIIIIEHUEM TEMTIEPATyPhl BO3/yXa B 3[[aHUU, IPUMEHEHIEM aBTO-
MaTHUYECKOTO PETYJIUPOBAHMS CHCTEM, OTKA30M OT IIPUMEHEHHUS TTOJIOTCHIIECY -
muTesieil. HekoTopbie U3 aTUX MO3UINI OTPaKEHbI B OTEUECTBEHHBIX HOPMa-
tnBax. Tak, B cootBeTcTBNH C [32; 78] OCyIIecTBIeH epexo/1 TPOeKTUPOBAHNS
CUCTEM OTOILJIEHUS C JIOMYCTUMBIX ITAapaMEeTPOB BO3/yXa Ha ONTUMAJIbHBIE, UTO
MTOBBICUJIO TEMIIEPATYPY BO3/yXa B 3/[aHUM HAa HECKOJBKO rpaxycoB. Kpome
Toro, 10 [32] moryckaeTcsi TpUMEHEHNEe 3JIeKTPOTIOJIOTEHIIeCyuTeei n
00513bIBa€TCS NIPUMEHEHHUE IOBBICUTEIbHBIX HACOCOB € aBTOMATHYECKUM
peryJimpoBaHieM MoTpeOJIeHNsT 3JIEKTPOIHEPIHU MTPU COKPAIIEHUU TOTPed-
JIEHUST BOJIBI.

Peauzaiust B 10JIHOI Mepe COBPEMEHHBIX TTOAXO0/I0B TPOEKTUPOBAHMS
CHCTEM TOPSTIEro BOAOCHAOKEH ST TIPUBOIUT HE TOIBKO K YMEHBIIIEHUIO THITO-
pasMepoB 000PYI0BaHMsI TEIIOBBIX TTYHKTOB, TIOBBINIEHUIO KaueCcTBa TIPE10C-
TaBJISIEMON YCIIYTH, HO W K 3HAYMTETTbHOMY 9KOHOMUYeckomy addekTy. Tak,

MTgCé(jIB»

RP226
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JIMIIB 32 CYET TIPUMEHEH ST TEPMOPETYJISATOPOB Ha IIUPKYJIAIMOHHBIX TPY6O-
IIPOBOJAX YMeHbIIaeTCs Ternonorpebaenue 1o 55 % [37; 82].

IIpoexmuposanue cucmemot 20psauez0 6000CHAGICEHUS C ZPABUMAUUOHHOT
UUPKYASUUETL YCTONHCHSEM ee OATbHEUYI0 MOOCPHUSAUUIO C NPUMEHEHUEM
anepzoappexmusozo obopydosanis.

Tepmopezynuposanue UUPKYIAUUOHHDIX MPYOONPOBOO0E CUCEM 20PAUE20
6000CHAONHCEHUSL COBPEMEHNDIX 30aNUll CO30aem 6cem Nompeoumenim
pasnvie  yciosus obecneuenus zopsueil 6000l ¢ mpedyemvimu
napamempami; 06ecnewusaem PauUOHAILHYIO UUPKYIAUUIO 600Dl UMEem
B03MOJCHOCTL MEPMUUECKOU desundexuuu mpy6onposodos, cHulcaem
menaonompebnenue 0o 55 %.

2.9. TENAOCHABXEHWME CMCTEM BEHTMAALIMI

TerutocHabKeHne CUCTeMbl BEHTUJISAIMU OCYIIECTBIISIOT MO 3aKPbITOil
cxeme yepes kasopudep. [Ipu 5TOM IPUMEHSIOT PA3IUYHbIE CXeMbl OOBSI3KI
kasopudepos [40]. [IpenmytiecTBo OTIAIOT cXeMe C TOCTOSHHBIM THIPABJIHU-
YECKUM PEXKIMOM, CO3/1aBasi TIOCTOSIHHBIN MOTOK TEIJIOHOCUTEJIST Yepe3 Kajo-
puep 1 yMeHbIITast TAKUM 00Pa30M OTTACHOCTD €T0 3AMOPAKUBAHUS, & TAKKE
obecrieurBas JIydIlie yCJIOBUs KOHTPOJIS TeMiiepaTypbl Bosayxa [41]. [pu
HeOOXOJIMMOCTH TIEPe]l KaIOPH(HEPOM CHIZKAIOT TEMIIEPATYPY TEIJIOHOCHTEIS:

® ISl TIPEOTBPAIEHNsI Pa3pylienus Kkasopudepa, ecin ero pabodast
TeMIIepaTypa HUKe TEMIIEPATyPhl TEIIIOHOCUTES B TEIIOCETH;

® /ISl YMEHBIIEHUS TIOTPENTHOCTH PErYJINPOBAHUS TEMIIEPATYPbI BO3ILY-
Xa BCJIE/ICTBIE HEPABHOMEPHOCTH MPOrpeBa Kaioprdepa.

CHIZKAIOT TEMITIEPATy Py TEIUIOHOCUTEIS PETYIISITOPOM TEIJIOBOTO MOTOKA,
Harpumep, ECL, BOCIPUHUMAIOIINM TeMIIepaTypy OT IATYHKOB TEMIIEPATYPhI
BO3/IyXa 3a KaIoprudepom, a Takke BHYTPHU MOMEIIEHHsT 1 BO3/EHCTBYIOINIIM
Ha J[BYXXOJIOBOIT MJIM TPEXXO/I0BOIl KiamaH. [JraBHast 3aaya 000nX POeKT-
HBIX PEIICHUH 3aKTI0YAETCS B 0OECTIeYeHIN JIMHEHHOCTH PEryJIMPOBaHUsT TeTl-
JIOBBIM [IOTOKOM Kasioprdepa, T. €. 4TOObI ITOT TIOTOK M3MEHSIICST TPOTIOPIIH-
OHAJIBHO XOJy IITOKA KJIAMAHA PETYJISTOPA TEMIOBOTO MOTOKA. Yarie Bcero
JIOCTHTAIOT TAKOTO Pe3yJsbTara MPUMeHeHIeM Y Kajoprdepa:

® JIOTOJHUTETHEHOTO HACOCA;

® JIONOJHATETHEHOTO aBTOMATHIECKOTO PETYJISITOPA TH/PABIMYECKUX TTa-

paMeTpoB (PeryJsiTop Tepernaja JaBjieHnst nbo Perymisitop pacxo/a,
160 KOMOMHUPOBAHHBIH KJTATIaH).

TakuMy IPOEKTHBIMU PEIIEHUSIMU CO3/AI0T 000COOIEHHBIE PETyJIpye-

MbI€ YYaCTKH C MHMBHIYaIbHbIMU THPABINYECKUMI PEKMMAMHK, B IIPE/IETIax
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KOTOPBIX BBIOMPAIOT MPUEMIIEMOE PellleHre M0 PeryJanpoBaHuio0 Kamopude-
POM 32 CYET COOTBETCTBYIONIETO UCKPUBJICHUS PACXOMHON XapaKTEPUCTUKHU
KJIallaHa PeryisgTopa TEeMJI0BOro MOTOKA.

CxeMbl TIpUCOeIMHEHNS KaIOpU(hEPOB € UCTIOTB30BAHNEM TPEXXO/I0BBIX
KJIAMTAHOB MMOKa3aHbl Ha puc. 2.27. Cxemy Ha puc. 2.27,a IPUMEHSIIOT JiJIst CHAO-
sxkerust kanmopudepa 1 mOCTOSHHBIM pacxosioM Terionocutesst Vg, Obmmit
pacxoj TerioHocuTed V4p B TPEXXOZI0BOM KJlallaHe 2 PaBeH CyMMe PacXo/l0B
B IIpsIMOM V4 U NeprieHANKYIsIpHOM Vg KaHasmax. PeryiupoBanue TerjuioBoro
notoka Kajopudepa MpU 3TOM OCYIIECTBISAIOT Ka4eCTBEHHO: M3MEHEHUEM
TEMIIEPATYPBI TI0JIABAEMOTO TelIoHocuTe Is1. TpedyeMyto TeMIiepaTypy Terio-
HOCHUTEJIS Tiepe]] KatopruepoM JIOCTUTAIOT ITyTeM TiepeMeIieHus TTOKa TPeX-
XOJI0OBOTO KJiarnana. B 3aBucumoctu ot pacxoja V4 ceTeBoil BOIbI U TOAMEIIIN-
BaeMOI BOJbI ¢ pacxonoM Vg mocse kKamopudepa U3MEHSIOT TPOIOPIUIO 1
TeMIepaTypy cMecu TersioHocuTesist. Pacxos V4 uamensiercs ot HyJist 10 Vyp.

EcJii 110 yCI0BUSIM 9KCILIYaTAIInU HCTOUHUKA TETLIOTH HEOOXOAUMO TIO/I-
JIEPIKUBATh PACXO/] B MATHCTPAILHOM TPYOOIPOBO/IE HA OCTOSTHHOM YPOBHE,
TO YCTAHABJIMBAIOT TPEXXO/IOBOIT KJIaliaH 1o cxeme Ha puc. 2.27,6. B atom cy-
Jae KJanan paboTaer Ha pasjieJieHne TIOTOKOB, a PACXOJL TEIUIOHOCUTEst Vg B
kasiopucepe GyieT UBMeHAThC OT HyJist 110 V4 g. [I0OCTOAHHBIN pacxo/ B Maru-
cTpasiu 06eCTIeYnBAIOT TAKKe ¢ UCIIOIb30BAHUEM CMEIIMBAIOIIETO TPEXXOI0-
BOTO KJIallaHa, YCTAHOBJIEHHOTO 110 cXeMaM Ha puc. 2.27,B,T, ecjid JOMYCTUMO
MOBBIIIATH TEMIIEPATYPY OOPATKI. DTH CXEMbI IMEIOT HEKOTOPOE MTPEUMYIIIE-
CTBO, 3aKJIIOYAIOIIEECsT B MIPEANOUTUTEILHON paboTe KIanaHoB Ha 0OpaTHOM
TPyGOIPOBOJIE C OXJTAKACHHBIM TetioHocuTesieM. C aToli ske 1esbio Ha o6pat-
HOM TPYOOITPOBOJIE MOTYT YCTAHABJIMBATD M HACOCHI.

Puc. 2.27. YcTaHOBKa TPEXXOAOBBIX KAAMaHOB:
a — Ha cMelmMBaHue B roAaiollem TpyOOrpoBoAe; O — Ha Pa3AEAEHHE B MOAAIOLLIEM
TpybONpPOBOAE; B, I — Ha CMeluMBaHue B 00paTHOM Tpybornposose
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[mnpaBandeckyio yBsA3KY OTBETBJIECHUN K KajopudepaM OCyIIeCTBIISIOT
PETYJISITOPOM Tiepenajia JaBjieHust 3, racst UM H30BITOYHOE JIABJICHUE HePe]l
TPEXXOIOBBIM KJiariaHoM. JInbo perymsropom pacxosa 4. B atux ciyyasx He-
06XOIMMOCTD B PYYHOM KJIariaHe 6 0Traaer, T. K. OTBeTBJAeHUs Oy/yT ypaBHO-
BeIlIeHBl aBTOMATUYECKU. Y PABHOBEIINBAHNE THIPABINYECKOTO COITPOTHUBIIE-
HUSI [IUPKYJISIIIMOHHBIX KOJIEI] uepe3 Kajopudep u depe3 0OBOIHOMN yIacTOK
OCYIIECTBJAIOT JTOO U3MEHEHUEM JinaMeTpa TpyOorpoBoAoB, 16O peryJim-
PYIOIINM KJIATIAHOM 5, YCTAHABJINBAEMbIM Ha 0OBOJTHOM ydacTKe. Bo3moskeH
TakKe BAPUAHT € YCTAHOBKOM TaKOTO KJaraHa U B IUPKYJISAIMOHHOM KOJIb-
e kasiopudepa. ITUM KJIATTAHOM, TPU HEOOXOIMMOCTH, MOJICTPAUBAIOT Pac-
XOZIHYIO XapaKTEePUCTUKY TPEXXO0BOTO KJanana (Jjid MoToKa 4epe3 Kajlopu-
dep) 1o xapakTepucTUKy Kamopudepa a1 odecIedenns JMHEHOCTU pery-
JIIPOBAHUSI €70 TEIJIOBBIM MOTOKOM, a KJIAMAHOM Ha OOBOJHOM y4aCTKe IO/
CTPaMBAIOT PACXOJIHYIO XapaKTepUCTUKY (JIUIst OTOKA uepes 0OBOHOI yJac-
TOK) TPEXXO/I0BOTO KJIATIaHa JIJisi 00eCTIeYeH ST TIOCTOSTHCTBA PACX0/a TETIO-
HOCHUTEJIs BO BCeM yauie. MHaue, 6e3 GasaHcupoBKH 0OBOJIHOTO yyacTKa, THjl-
PaBJIMYECKOE COMPOTUBJIEHIE BCEN BETBU U PACXOJl B HEMl MOTYT OBITh Tiepe-
MEHHBIMHU, a He TIOCTOSTHHBIMU [42].

[Ipr KOppPEeKTHPOBAHUM PACXOMHON XapaKTEPUCTUKU TPEXXOJI0BOTO KJia-
MaHa cJe/lyeT YYUThIBATh, YTO BHEITHUE aBTOPUTETHI KJlallaHa OTHOCUTEIbHO
€T0 Ka)K/I0TO MTPOXO0JIa COOTHOCAT K PAa3HbIM PEryJupyeMbIM ydacTkam. Ecim
nepel; KanopudepoM HeT PeTyJIATOpa TNepenajia MaBIeHUsT WK PETyJIsaTopa
pacxofia, TO peryJiMpyeMbIM YYaCTKOM C OTHON CTOPOHBI SIBJISIETCS BCS TEILIO-
CETh, U TPEXXOJI0BOH KJIanaH paboTaeT Kak JBYXIO3UIIMOHHBIH. B aToM ciyuae
IIPU ITPOXOKICHUH IIITOKA KJIariaHa yepe3 cpe/iHee MOI0KeHe BOSHUKAIOT 3Ha-
YUTEJIbHBIE OTKIOHEHUS (JI0 2-X pa3d) CyMMapHOTO PacXojia TeIJIOHOCUTENS B
yane 06Bsasku Kanopudepa. IIpegorspamaot Takyio HeahGeKTUBHYI0 paboTy
TPEXXOJIOBOTO KJIAMAHA PETYJISITOPOM TIePenaia AaBaeHust 3 JIHO0 PeryJisiTopoM
pacxofa 4, KOTOpbIi yCTaHABIMBAIOT Ha OTBETBJICHUU K Kasiopudepy. OCHOB-
HBIM TpebOBaHNEM CTAOMIM3AIIUI CYMMaPHOTO PAcXo/ia pu paboTe TPexXXo10-
BOTO KJIallaHa sABJseTCs: obecriedeHne B 000UX [UPKYJIAIIMOHHBIX KOHTYPAX,
MTPOXOZIATINX Yepe3 HeTo, TPUMEPHO PaBHBIX THIPABINYECKIX YCJIOBUI.

Vayuiierue ctabuibHOCTH TeriocHabKeHnst Kajopudepa MoaydaoT B
cxemax Ha puc. 2.28 ¢ paszieJieHueM IUPKYJIAIMOHHBIX KOHTYPOB TP TIOMO-
111 3aMBIKAOIIEr0 YUacTKa: Ha MepBUYHbIH KOHTYD (0603HAYEH TyHKTUPHOIT
JIMHUE) € MCTOYHMKOM TEIIOThl U Ha BTOPUYHBIN KOHTYp (0603HAUEH
MITPUXITYHKTUPHON JinHueH ) ¢ kasopudepom. ConpoTusiieHre 3aMbIKaIOIIe-
TO Y4aCcTKa CO3/[af0T Kak MOXKXHO MeHbITM. OHAKO Jaxe B 9TOM cJydae 1o-
CTUTAIOT JIUIITH TPUMEPHO TIOCTOSTHHOTO I'M/IPABJINYECKOTO PEKUMA TTUPKYJIS-
IIMOHHOTO KOJIBIIA, TPOXO/IAIIero yepes kanopudep [43]. [Ipumensis st cxeMbl,
cJie/lyeT MMeTh BBHJLY, YTO Yy4acTOK 0OpaTtHOro TpyGOINpoBoja, KOTOPbIil
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PACTIONOKEH MEKTY OOBOHBIM T 3aMBIKAIONTM YIACTKAMU, TIOABEP/KEH HACOC-
HOMY BJIUSTHUIO OT TIEPBUYHOTO W BTOPUYHOTO KOHTYPOB MPH MEPEKPBHITUI
TPEXXOI0BOTO KJIATIAHa Ha TPOXOJ K Kasoprdepy. B takom ciydae mpeobia-
Jaolee BAWSHUE HA IMPKYJISINIO TEIIOHOCHTENS B PacCMaTpHBAEMOM
yJacTKe OKa3bIBAET TPABUTAIIMOHHOE JIABJIEHNE, 0Opasyiolee HeXKeTaTeTbHOe
BO3BpaTHOE TeYeHNe, OKa3bIBAIoOIIee OTPUIATETbHOE BINSHIE Ha PETyINpOBa-
HIE TEMITEPATYPHI TETTIOHOCUTES. Y CTPAHSIOT 9TO BJHSTHIE IBYMST CTIOCO0a-
M YBEJTMYEHUEM PACCTOSTHUSA MEJKITY 3aMBIKAIONINM 1 OOBOIHBIM YYaCTKAMU
(puc. 2.28,6) [44], 6o obpasoBaHMeM rupaBIdeckoil et (puc. 2.28,8)
[43]. 11 B TOM, 1 B IPYTOM CJIy4dasiX CO3/al0T TH/IPABINYeCKOe COIIPOTUBJICHUE
TPYGOTIPOBOIOB B IPOTUBOBEC TPABUTATIMOHHOMY JABJIEHHIO.

[To anamornunbiM cxemaM Ha puc. 2.27 n 2.28 ycTaHaBIWBAIOT TPEXXOJI0-

Puc. 2.28. PazaereHne cucTeMbl TENAOCHAOXKeEHHs! KaAOpHhepoB Ha TMApaBAMYe-
CKME KOHTYPbI: @ — C TPEXXOAOBBIM KAQMAHOM BO BTOPUYHOM KOHTYPE;
6 1 B — C TPEXXOAOBbIM KAAMAHOM B MEPBMYHOM KOHTYpe

BbIe TTOBOPOTHBIE KJIATIAHBL DBe3ycJI0BHO, TIPU TAKOM TIPOEKTHOM PEIIEHUHN
njieabHOE PETYJINPOBAHIE TETJIOBBIM TTOTOKOM Kajopridepa HeOCTIKIMO.
[ToaToMy TPEXXOI0BOII TOBOPOTHBIH KJIaraH IPUMEHSIOT JIUIIb B CUCTEME, K
KOTOPOH TpeboBaHwe O PETYIUPOBAHIIO TEMIIOBBIM MTOTOKOM Kasoprdepa He
SIBJISIETCST OTIPEZIETISTIONINM, W Y KOTOPOIT JIOMYyCKaeTcsT He3HAYNTeTbHAsT MPo-
TeyKa TEeTJIOHOCHTeEJIST uepes3 KiamaH. K Takoit cucreMe OTHOCSAT, HalpuMmep,
CUCTEMY TETUTOCHAGKEHNST KaToprihepa TEMIOBOMN 3aBECHL.

B TpamuiimonHoOl 0Te4ecTBEHHOM MPaKTUKE MTPOEKTUPOBAHUS TTPUMEHE-
HIE TUPKYISIIIHORHOTO HACOCA B CUCTEME TETIIOCHAGKeHUsT Kamoprdepa sB-
JISTETCST HOBBIM TIO/IXO/IOM, KOTOPBIH He BCeT/la BOCTIPHHUMAETCSI, KaK HEpro-
addextrBHbI. [T09TOMY OCYTIECTBAAIOT TTONCK (OJIee EMEBOTO BapHaHTa C
YCTpaHEHHEM BO3MOKHOTO TITyMOOGPA30BAHYIST M CHIKEHIEM 3aTPAT AJIEKTPO-
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sHeprun Ha Hacoc. Tak, B [35] MpeaioKeHo MCIOIb30BaHNE THIPOIIEBATOPA.
OjiHaKO MPU TOM HE PacCMOTPEHa COBMECTHast paboTa CHCTEMbI TEITOCHa0-
sKeHust Kasopudepa, UMeIoIIell TOCTOSTHHBIN TH/IPABIMYECKUN PEKUM, U CHC-
TEMbI OTOTIJICHUS], UMETOIell TePeMEHHBII THAPaBIndecKuil peskum. /17st co-
BMEIIEHUST 3TUX PEKUMOB TIE€pe]] THAPO3JIEBATOPOM HEOOXOANMO JIOMOIHI-
TEJIBHO YCTAHABJIUBATD PETYJISTOP PACXO/IA, CTOUMOCTH KOTOPOTO COTIOCTABU-
Ma CO CTOMMOCTBIO ITUPKYJISIIMOHHOTO Hacoca. KpoMe Toro, Hajm4aue THAPO-
9JIEBAaTOPA 3ACTaBJISIET TOJICPKUBATD TTOBBIIIEHHBIN Teperna/ MaBJeHUsS B
TEIJIOCETH, 3aTPAuYMBast Ty jKe JIEKTPOIHEPTHIO Ha PabOTy CETEBBIX HACOCOB.
B wrore, mponcxXoanT TepeHoC 3aTpaT AIEKTPOIHEPTUH € TETIIOBOTO MYHKTA
Ha TETJIOCETh, UTO C yIETOM TIOTEPh SHEPTUH MTPHU TPAHCTIOPTUPOBKE TEILIIOHO-
CUTEJIST JIeJTaeT TpejlylaraeMoe TIPOEKTHOE PellieHre 9KOHOMUIECK HeoTpaB-
JTAHHBIM.

B 3apyGesKHOI TPaKTUKE MPOECKTUPOBAHUS CHUKEHUE 3aTpaT HJIEKTPO-
BHEPrur Ha paboTy Hacoca MOJMYYaloT B CHCTEME TEITOCHAGKeH s Kasopude-
pa ¢ MepeMEeHHBIM IHIPABJINIECKUM PERUMOM. [Ipr aTOM MCIOB3YIOT aBTO-
MaTHUYECKH PEryJUpyeMbIil HacOC, MOCKOJIbKY OH paboTaeT Ha MOJHY MOIII-
HOCTH KPATKOBPEMEHHO: JIUIIb B CaMble XOJO/IHbIE THU OTOMUTETHHOTO TIepH-
ona [41]. Omaaxo cructema ¢ iepeMeHHBIM TH/IPABINYECKUM PEKUMOM NUMeeT
OJIMH OCHOBHOW HEIOCTATOK, OTPAHUYUBAIOIINI ee TpuMeHeHre. OH 3aKJova-
eTcsl B PUCKE 3aMOPaKMBAaHUS Kajopudepa MpW OTCYTCTBUY IUPKYJISIIAN
TETLIOHOCUTEJIS, T. €. TIPU 3aKPBITOM KJIATIaHEe PETYJISITOPa TEMJIOBOTO TOTOKA.
[ToaToMy Takue CHCTEMbI TEITOCHA0KEH ST KaJToprdepoB IPUMEHSIIOT B CHC-
TeMax BO3/YIITHOTO OTOIUIEHUST ¢ MOJHOH JIMOO YaCTUYHOMN PElUpKYJIsIIineis
BHYTPEHHETO BO3/IyXa, MO0 APYTUX CUCTEMaxX MPU 00eCIIeueH] TeMIiepaTy-
PBI CMeCH C HapYKHBIM BO3/IyXOM Tiepe]l KaJlopruhepoM BhIIIe TeMIepaTyphl
KPUCTAJLTH3AINH TETJIOHOCUTEJIST B HEM.

Hawubostee mpocThie 1 HaJlesKHbIE IPOEKTHBIE PEIeHNUsT Y3108 00BSI3KHU Ka-
JopuepoB B CUCTEMAX C TIEPEMEHHBIM THU/PABINUECKUM PEKUMOM, TIpeN-
cTaBJsieHbI Ha prc. 2.29. HemoctaTkoM cxembl Ha puc. 2.29,a SIBsIeTCS He3allln-
MIEHHOCTD KJIAMlaHa PETYJISTOPa TEMJIOBOTO TIOTOKA OT BJIUSHUS TIEPEMEHHOTO
TU/IPABINYECKOTO PEKIMa CUCTEMbBI OTOTIeHUS. [Ipy nmepekpuiTuu TepMo-
PEryJIsiTOPOB Ha OTOIMTEIBHBIX IPHOOPAX CHCTEMbI OTOTICHUS JTHOO PEryJIsi-
TOpa TETIOBOTO MOTOKA MO TIOTOTHBIM YCJIOBUSIM B TETIJIOBOM TTYHKTE BO3pac-
TaeT pa3BUBaeMoe JIaBIeHUE HACOCA W U3MEHSIETCS] BHEITHUI aBTOPUTET KJla-
HaHa PeryJsiTopa TEMIOBOro MOTOKA Tepe KaopudepoM, 4to TpebyeT cooT-
BETCTBYIOIIEH aBTOMATUIECKOH KOPPEKTUPOBKHU TTOJIOKEHUST €T0 THTOKA.

TTostHOTO yCTpaHEeHUs BIMSHUS KOJIeOaHMs IaBJICHUS TEILITOHOCUTES Tie-
pen KanmopudepoM IOCTHTAOT B cxeMax Ha puc. 2.29,6,8. B cxeme Ha puc. 2.29,6
PETYIIATOPOM Iepera/a AaBaeHust 00eCIIeYnBAIOT BHEITHIIT aBTOPUTET KJIallaHa
peryJsiTopa TErJoBOTO TIOTOKA, PABHBIN eMHUIE. B 9TUX yCIOBUSX KiaraH
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peryJiaTopa TelJI0BOTo MOTOKA MOJ/IeP;KUBaeT PACXOAHYIO XapaKTepUCTUKY B
JEOO0M TIOJIOKEHUH TITOKA, COOTBETCTBYIOILYIO MaHHBIM TPOU3BOMUTEIS.
Kpome Toro, perysisaTop 1eperiazia IaBJieHUs COBMECTHO C PETYJIATOPOM Tell-
JIOBOTO ITOTOKA BBITIOJHATOT (PYHKIIMIO OTPAHUYEHUS MAKCUMAJIBHOTO PAcXo/ia
TerIoHocuTe I Yepes Kanopudep. [l 3Toro aBToMaTHuecKu MojiiepsKuBae-
MBI peryJsisiTopoM Iiepenaj /laBjeHusl J0JKeH COOTBETCTBOBATH IOTEPSIM
JIaBJIEHMsT HA PeryJisaTope TelJIOBOro MOTOKA ITPU PacyeTHOM Pacxojie Telsio-
HOCHTEJIS.

tin

ECL
ECL fin ECL fin
—T1 —T1 —T1
—T2 - Y —T2 L
a 6 B

Puc. 2.29. O6Bsi3ka karopucpepoB B CHCTEMe C NePeMEHHbIM TMAPABAUHECKMUM
PEXMMOM: @ — ABYXXOAOBbIM KAQMaHOM, 6 — ABYXXOAOBbIM KAQIMaHOM M
PErYASITOPOM EPENaAa AABAEHMS; B — KOMOMHMPOBAaHHbIM KAAMaHOM

KoHCTPYKTUBHBIM yIIpoIeHreM cxeMbl Ha puc. 2.29,6 ¢ BbINOJIHEHUEM
Tex ke (PYHKIMIT ABJIsIeTCs cxema Ha puc. 2.29,B ¢ UCIOIb30BaHUEM KOMOUHM-
POBaHHOTO KJIanana, HanpuMep, AB-QM, KoTopbiii 00beauusaeT GyHKIUT pe-
TYJIUPYIOIIETO KJIanaHa u GalaHCHPOBOYHOTO KJianana (PeryJsiTopa neperaja
nassienus ). Takast cxeMa B HaCTOsIIIIee BpeMst 3a pybexkoM Haubosiee TIpejio-
4ynTaeMa, T. K. B GOJIBIIMHCTBE c1ydaeB obecrieunBaet ahdexTusHyio paboTo-
CMOCOGHOCTD CUCTEMbBI, HEB3UPAs Ha OIPeXU B MIPOEKTUPOBAHKUHU, MOHTAKE 1
AKCILIYATAIUH, UTO TIPEIAET YBEPEHHOCTH IIPOEKTUPOBIIUKY B IIPABUIBHOCTH
MIPUHSATOTO PENIeHUS.

Tennocnabacenue Karopuphepos npu HAIUUUL GEPOSATHOCTU UX 3AMOPANCU-
8aHUsL cledyem OCYUEeCmeIsmb No CXeMAM ¢ NOCMOSHHOIM 2UOPABIUYCCKUM
PENHCUMOM.

Tpexxodosvie Kianamvt 6 cucmemax meniocHabIcenust Karopugepos mpedy-
10M NPOEKMIL020 0OECheueHis UX PaGomMOCNOCOOHOCIIU B0 BCEX IKCNAYAMA-
UUOHHBIX PEHCUMAX.
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3. MOAEPHU3ALMA TEMAOBbBIX NMYHKTOB

MozepHU3aNIo TETIOBBIX MYHKTOB OCYTIECTBISIOT JISI YCOBEPIIEH-
CTBOBAHUSI TEIIOCHAOKEHUS 3/IaHUST B COOTBETCTBUHU C COBPEMEHHBIME TpE-
6osarusiMu. OCHOBHBIE 3aTaUN MOJIEPHUBAINY — OPTAHU3AIINS yIeTa TEeIIo-
norpebrennss abOHEHTOM U COKpAIeHre TOTPebIeHNsT TEMI0BOH SHEPTUH
[IPU YIIyUIIEHUH YPOBHS TEIJIOBOTO KOM(MOpPTA B 06CTyKUBAEMBIX TIOMEIIE-
HUsIX. /{7 9TOTO, Kak MUHUMYM, Ha aGOHEHTCKOM BBOJIE YCTAHABINBAIOT
mprbOp yueTa ¥ aBTOMATHIECKHIT PETYIISITOP TETLIOBOTO MOTOKA, KOPPEKTU-
PYIOIIUI OTIYCK TETJIOTHI IO TOTOHBIM YCJOBUSIM. Takoe TMpHMeHeHNe
060pyI0OBaHNsI HA3BIBAIOT MECTHBIM JHOO aOOHEHTCKUM aBTOMATHYECKIM
peryaupoBanueM. [Ipr aTOM He OCYNIECTBASIOT U3MEHEHWH KOHCTPYKTHB-
HOTO XapakTepa B CHCTEMe OTOIJIEHHUS, HO TPEyCMaTPIBAIOT 3TY BO3MOXK-
HOCTH B OymytieM. OcobeHHO 3TO KacaeTcst PeleHuit 0 MpUuMeHeHIH THPO-
3JIeBATOPA C PETYIMPYEMBIM coTToM. Ha mepBbIii B3TJIs/1, OH pelaeT mocTaB-
JIEHHBIE 3371241, HO TIPU TIOCJIeIyToIIell MOIEPHN3AIINN CUCTEMbI OTOTIJICHUS
[yTeM YCTAHOBKHM TEPMOPETYJISITOPOB HA OTOMUTEIBHBIX PHOOPaxX B COOT-
BeTcTBIM ¢ porpammoil Kabmuna Yipaunsl [13], or Hero Heobxoaumo Gy-
ZleT OTKa3aThCs.

MoepHausaiyst aDOHEHTCKUX BBOJIOB ITO3BOJISIET:

® ONTUMHW3UPOBATH paclpe/ie;IeHNe TeIIOBOI HATPY3KH B TETLIIOCETH;
® AJICKBATHO YIIPABJISATD IUIPABIUYECKUM W TETLIOBBIM PEKUMaMK BHY-
TPEHHEN CHCTEMBI TETLTOMOTPEOIEHUS 3IaHIST;
CHU3UTH PACXO/l TETITIOHOCUTEIS B TEIITIOCETH;
9KOHOMMWTD 9HEPTOPECYPCHI;
YMEHBIINTh HETATHBHOE BO3/IEHCTBIE Ha OKPY:KAIOIIYIO CPELy.

HpI/I MOJIEpHU3AIINUN TETIJIOBOTO IMYHKTA paCCMaTPUBAIOT MHOKECTBO 3a-
Aav — aBToOMaTHu3alyd IIporecca yIpapJieHu:A, KOHTPOJIb, Yy4€T... Hanbosee
YaCTO pemraeMble 3a/1a4n yIIpaBJICHUA:

® peryJUpOBaHME TEMIIEPATYPbI TEIIIOHOCUTEJIS, TIOZIABAEMOTO B CHUCTE-
MY OTOTLJIEHNU, B 3aBUCUMOCTH OT TeMIIEPATyPbl HAPY’KHOTO BO3/IyXa;

® peryJMpoBaHMe TEMIIEPaTypbl TEIJIOHOCUTENS, BO3BPAIACMOTO B
TETJIOCEeTh, B COOTBETCTBUU € TEMIIEPATYPOiIl HAPY:KHOTO BO3IyXa 110
3a/laHHOMY TeMIIepaTypHOMY TpaduKy;

e yckopeHHbIH nporpes ("HaToN'") 3MaHK TI0C/Ie dHeprocOeperariero
pesknMa (IIOHMKEHHOTO TEIJIONoTPeOIeH s );

® KOPPEKIUS PexkUMa TErnonoTpebaeHus Mo TeMIIepaType BO3/AyXa B
MTOMENIeHNH;

® OrpaHUYEHUE TEMIIEPATYPDI TEIMJIOHOCUTEIIST B MOAIOIEM TPYOOTIPO-
BOJI€ CUCTEMBI OTOTIJICHNUS;
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® peryJupoBaHue TETIOBON HATPY3KHM B CHCTEME TOPSIET0 BOMOCHAO-
JKEHUS;

® DeTyJUPOBAaHME TENIOBOM HATPY3KH NMPUTOYHBIX BEHTUJISIIMOHHBIX
YCTaHOBOK ¢ obecreuenneM (GYHKITNU 3aIUTHI OT 3aMOPAKITBAHIIS

® DeryJMpoBaHKe BEJIMYMHBI CHUKEHHS TEIIONOTPeOJICHNsT B 3ajlaH-
HbIE TIEPUO/IBI TTO TeMTIEpaType HapY;KHOTO BO3/IYXa;

® DEryIUpPOBAHUE PEKMMA TETIOTOTPEOIEHNST ¢ YIETOM aKKyMYJTHPY-
TOTTIelt 0COOEHHOCTH 3/IaHVsI U €TO OPUEHTAIINHN TT0 CTOPOHAM CBETa.

VKasaHHbIE TIPOIIECCHI B TEILJIOBOM ITYHKTE M3MEHSIOT PEKUM TEILIONO-
Tpebaenus aboHEeHTa: ¢ KaYeCTBEHHOTO pesKiMa Ha KaueCTBEeHHO-KOJINYECT-
sennoe. C rupaBINYecKoil TOYKM 3PEHUS — 9TO Mepexo]] OT MOCTOSHHOTO
IUZPaBINYECKOTO PesKUMa K riepeMeHHoMY. C TEXHMYEeCKON TOYKY 3peHnsT —
9TO 3aMeHa 000PYI0BaHMsI, HeCTOCOOHOTO paboTaTh B HOBBIX THPABJIMYEC-
KMX yCJIOBMAX, Ha 000py0BaHue, penaioniee mocrapaennbie 3agaun. K za-
MeHsIeMoMY 000PYI0BaHHMIO OTHOCUTCS, TIPEK/IE BCETO, THAPOIJIEBATOP.

3amena 2udposdnesamopa Ha HACOC NO3GOLICM PEANU30EAMb MHONCECTEO
anepzochepezarouux PYHKUUL A6MOMAMUYECKOZ0 PEeYNUPOBAHUS. TENL0-
nompebienus 30anus Kax 6 MOMEHM MOOEPHUSAUUL MeNL06020 NYHKMA,
max u npu nocaedyrowetl MoOOepHU3AUUL CUCTIEMbL OMONICHUS U 20PAUE20
600ocHabxCeHUs.

3.1. TMAPABAMHECKME OCOBEHHOCTH TMAPOSAEBATOPOB

TpaUIHOHHBIM TTOAXO00M ITPH TOAKIIOUEHUH MOAABJISTIONIEro GOJIBITMH-
CTBa CUCTEM OTOTLJIEHVS 3IaHNH K CETH [IEHTPATM30BAaHHOTO TEIJIOCHAOKEHUST
CUNTAIOCH MPUMEHEHWE HEPETyJIUPYEeMOro THapoasieBaTopa. OCHOBHBIE €T0
JIOCTOMHCTBA: JIENIIEBU3HA, TIPOCTOTA, HAJIEKHOCTH. OH 2;KEKTUPYET OXJIaKIeH-
HYIO BOJLy U3 0OpaTHOTO TPyOOIPOBOA CHCTEMbI OTOTJICHUS M CMEIINBAET ee
C BBICOKOTEMIIEPATYPHOI CETEBOI BOJOI, COXPaHsIsl HE3HAUUTEIbHYIO YacTh
HAIopa CeTeBOTO HAacoca Ha TEIJIOBON CTAHIIMHU, YeM 0OECTIeUnBACT HIUPKYJIsi-
U0 TEMIJIOHOCUTENIST B crcTeMe oTorieHrs. OJTHaKO MPU BCeX JIOCTOMHCTBAX
THIPO2JIEBATOP HECOBMECTUM C COBPEMEHHOM CUCTEMON OTOTIIIEHUSI.

HenocratkoMm rumpoaeBaropa sIBJISIETCS OY€Hb Majiasi JIoJisl co3/iaBae-
MOTO PacIoJIaraeMoro Mepenajia IaBJIeHus IS CUCTEMbI OTOTIJICHUST — TIPH-
Mepro 10 %, 94TO OTHOCHUT THUAPOITEBATOP K HU3KOI(PGHEKTUBHBIM YCTPOIi-
cTBaM MOGYKIEHUS IBWKEHNS TeTmoHocuTeNst [45]. [last Toro, 4T06bH
ruposaeBaTop paboras HeoOXOAMMO 00eCHeduTh Iepe]; HUM Iepera)
nasnenus ve Meree 150 klla, a cozmaBaemMoe MM IIUPKYISIIMOHHOE TaBJIEHNE
cocTtasisieT He 6osee 16 kIla. DTo 03HAYAET, UTO B TEILIOCETH HEOOXOINMO
MOJIJIePsKUBaTh BBICOKMIT Tieperna/ AaBJjeHust, 3atpaunBas B 10 pas GoJiblie
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9HEPIUM OT TPeOYEMOii, UTO YBeTNINBAET BOSHUKHOBEHIE aBapUil B MOAI0-
mux Tpybonposoaax [10] u cosaaer BeposATHOCTh 0Opa3OBaHUsI KaBUTAIMN
Ha PETYJIMPYIONINX KJIarnaHax.

CJieytoluii HeIOCTaTOK HEPETYJIMPYEMOTo THAPOaIeBaTopa — ero pabo-
Ta TIPU TIOCTOSTHHOM Koadduiinente cMermBanust. [Ipu aTom rckimovaeTcs
BO3MOKHOCTH MECTHOTO KOJIMYECTBEHHOTO PETYJIUPOBAHUS CUCTEMbI OTOTLIIE-
HUS aBTOMATHUYECKUMK TEPMOPETYJISITOPAME Y OTOIUTEIBHBIX MPUOOPOB.
BesyciioBHO, uTO JJIst ABYXTPYOHBIX CHCTEM OTOILIEHHSI ¢ TTePEMEHHbBIM M-
PaBANYECKIM PEKIMOM TaKWe TU/IPO3IeBATOPbI Herpuroausl [7]. s oqHo-
TPYOHBIX CHCTEM OTOIUICHUSI ¢ KBAa3HUIIOCTOSIHHBIM THAPABINYECKUM PEKHU-
MOM TaKWe THIPOITIEBATOPHI TAKKe HEMPUTOIHBI. B HIX, XOTh 1 3HAUNTETHHO
MEHBbIIINE, YeM B IBYXTPYOHBIX CHCTEMaX, HO MPOUCXOAAT KoJIeOaH s pacxoia
TEIJIOHOCHTEISA, co3aBaeMbie paboToil TepMoperysisitopos [18]. YerpausaTs
9TH KoJieGaHuUsT CJIelyeT aBTOMAaTUIEeCKUME OTPAaHUUYUTEISIMI pacxoa (pery-
JIITOPaMM Pacxo/ia) B COOTBETCTBUU ¢ [9], ycTaHABIMBAEMBIMHA Ha CTOSTKAX
BEPTUKAJBHBIX CUCTEM JIMOO MPUOOPHBIX BETKAX TOPU30HTAIBHBIX CUCTEM OTO-
IUIEHUSL. DTU PETYJIATOPBI TPEOYIOT MOTEPD AaBJeHUs Ha cebe Tt obecriede-
Hus paborocnocobHocT MeMOpanbl 0k0J10 15...20 kI1a, He ocTaB/Isgsa pacoia-
raeMoro jaBjeHns (M3 pazBuBaeMbix ruzpoasneBatopom 16 klla) Ha mpeogo-
JIEHVE COTIPOTUBJICHUS B OCTAIbHBIX AJIEMEHTaX ITUPKYJISAIIMOHHOTO KOJIBIIA.

Heperyupyemplii rugpoasieBatop mpu KoJaebaHuU pacxoja B CUCTEMe
OTOIUIEHVSI CO3/IAeT AUaMeTPATIbHO TIPOTHBOTIONOKHbII 9HEPrOCOEPEKEHITO
adeKT: B TO BpeMsi, KOT/Ia 3aKPbIBAIOTCS TEPMOPETYJISITOPBI M YMEHbBITIaeT-
CsT pacxo/l TEMJIOHOCUTEST, HAUMHAET BO3PACTaTh TeMIlepaTypa TerIOHOCH-
Tesist Ha Bhixoie n3 Hero [20]. IIpu aToM Bo3pacTtaeT Temrepatypa TelI0HO-
curelist B TpyGOIIPOBOIAX CUCTEMbI OTOIIEHHsI U B 0OpaTHOM TPYOOIIpOBo/IE
TEMJIOCETH, YBEJUYNBas TEIIONOTEPH B TPyOOIPOBOAAX U yXyAmas paboTy
TIII v paitoHHOI KoTebHOU. KpoMme Toro, paboTa HeperyJIupyeMoro ri-
PO3JIeBaTOPa HECOBMECTUMA C PETYJISITOPOM TEIJIOBOTO MTOTOKA, KOTOPBII cJre-
MyeT yCTaHABINBATH Ha aDOHEHTCKOM BBOJIE TETLIOBOH ceTn [9].

HekoTopble BbITIEpaccCMOTPEHHbIE HEAIOCTATKN YCTPAHEHBI B aBTOMATHYE-
CKH PeryJmpyeMoM TrapoasieBaTope. OH criocobeH 0becIieunBaTh KauecTBEH-
HO-KOJIMYECTBEHHOE PETYJUPOBAHNE TETIOHOCUTENSI B CUCTEME C TIOCTOSTH-
HBIM TH/IPABJIUYECKUM PEKVMOM TI0 33JIaHHOMY TeMIIepaTypHOMY Tpaduky
OTITyCKa TEIJIOThI Ha OToIIeHue 3Manus. OHAKO TP KBa3UCTAIMOHAPHOM
pexkrMe, XapaKTEePHOM JIJIsI OMHOTPYOHBIX CHCTEM OTOIICHHUS C TEPMOPETYJIs-
TOpaMU Ha OTOIUTEIbHBIX TTPUOOPAX, TPU 3aKPbIBAHUU TEPMOPETYJISITOPOB Y
9TOrO TH/POdJIEBATOPa TakKe HabJIrofacTcst HecTabMIbHOE PEryJIMpOBaHIeE,
BBI3BAaHHOE BO3PACTAaHUEM COTIPOTUBJIEHHSI CHCTEMBI U3-3a HecOaTaHCHPOBaH-
HOCTH OOBOJHBIX JIMOO 3aMBIKAIOIINX YYACTKOB Y3JIOB OOBSI3KK OTOIMTE/Ib-
HBIX TPUGOPOB [43].
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Wcxonst u3 ykazanHbIX HEOCTATKOB TUPOAJIEBATOPHI, KAK dHEPreTHYe-
cku HeahPeKTUBHbBIE U He B IIOJIHOI Mepe yI0BJIETBOPUTETBHO PEryINPYIO-
Iue yCTPOUCTBA, He HAIILIHM IIPUMEHeHHsT 3a pyOeskoM. B oTeuecTBeHHOIT ke
MPaKTUKE TPOEKTUPOBAHUS MTPOUCXOIUT MOUCK 00JACTH UX MPUMEHEHMUSI.
Tax, Harpumep, B paborax [12; 20] npesaraercs UCIoNb30BaTh THAPOIJIE-
BaTOP B CUCTEMAX OTOILJIEHUS C TEPMOPETYJIITOPAMH, €CJIU PeryJIipoBaHue
I10 TIOTO/IHBIM YCJIOBUSIM PeaTH3yeTCs] METOIOM IIPOITYCKOB: MEPUOITUECKI
[IPEPBIBAETCS IUPKYJISAIINS TEIIOHOCUTEIS Yepe3 THIPOJIEBATOD U BCIO CU-
cremy. [lo TakoMy TIPUHIUITY PEKOMEHIOBAHO PEKOHCTPYUPOBATH CYIIECT-
BytoIue abOHeHTCKIEe BBOJIBI 3/1anuil. OTHAKO 06J1aCTh IIPUMEHEHUST TAHHO-
IO MeTOJIa PeryJupoBaHus MPOIYyCKaMU orpaHudeHa B pabote [46] — a10
HeBOJIbIINE CUCTEMBI TIPU MOJIOKUTENBHBIX TEMIIEPATYPaX HAPY/KHOTO BO3-
nyxa. Kpome toro, ciieryer yuectb, 4TO TePMOPETYIATOPbI HA OTOIIUTETbHBIX
npubopax, XOTh ¥ ¢ 3aIa3/[bIBAHIEM, BCE e YPABHOBEIINBAIOT MEK/LY COOOMI
LUPKYJISIIIUOHHbIE KOJIbIIA ccTeMbl. OHU KOMIIEHCUPYIOT CBOUM COIIPOTUB-
JIeHUEM He TOJIbKO BHYTPeHHIe U BHEIIHUE BO3ENCTBIS HA CUCTEMY OTOILIe-
HUSsT, HO U OTPEXU B ee pacyere U MoHTaxe. [I[pu perymmpoBanuu mporryckaMu
(OTKJTIOUEHUN CHCTEMbBI OTOTUIEHUST) KasK/bIH Pa3 HapyIIaeTcst COaIaHCUpO-
BAHHOCTb CHUCTEMBI, HePePaCIIPeiesisieTcsl TEIJIOHOCUTEb 1 3aTeM BHOBb
[IPOUCXOJIT JUTUTENLHOE €€ BOCCTaHOBJIeHHe. Takum 06pasoM, PeryinpoBa-
HUe [IPOITYCKAMU — 3TO JIUIIIb IONOJTHUTEIbHBIN BO3MYIIAIONINI (haKTOP, KOTO-
pBI yXy/maer paboTy CHUCTEeMbI OTOIUIEHYS, He JydiiuM obpazoM obecriedn-
Bas TEIJIOBOW KOMGOpT 1 aHeprochepexkerne. Kpome TOro, peryimnpopatuie
MPOIYCKAMU MPUBOAUT K KOJIEOAHUAM TEMIIEPATYPBI ¥ JIaBJIE€HUsT TEMJIOHO-
cuTelis, YTO MaryOHO BJUSIET HA CHCTEMY: CO3/AIOTCST YCIOBUSI JIJIsI Pasyll-
JoTHeHUs (DJIAHIIEBBIX COEITHEHMIT; BOSHUKAET crielinduvecKoe Bo3elicTBre
HA CTaJIb, BHI3bIBAIOIIIEE €€ CTAPEeHNUEe, CHUKEHUE TIACTUIHOCTH, MeXaHIuec-
KUX CBOWCTB M MaJIONUKJIOBOU mpoynocT [46]. [loatomy MojepHusanus
TEIIOBBIX IMYHKTOB IIPE/IIOJIATAET TOJIHbII 0TKA3 OT IIPUMeHEeHMs THIPO3Jie-
BaTOPOB U UX 3aMeHy Ha IUPKYJIHOHHbIe Hacockl. COKpaliaeMoe OT TaKoit
3aMeHbl TelionoTpediaenue coctapiager B cpenueM 13 % [47]. Ilpu stom
YMEHBINAIOTCST 3aTPAThI HA EPEKAYKY TEIJIOHOCUTEJISI CETEBBIMU HACOCAMU
U MOSIBJISIIOTCS HE3HAYUTEJIbHbIE JOTIOJHUTEIbHBIE 3aTPAThHI DJIEKTPOIHED-
IUHU, PACXO/IyEMbIe MAJIOMOIIHBIMU HACOCAMU HA a0OHEHTCKUX BBOJIAX, KOTO-
pble OTHOCUTEJIHHO 3aTPAT TEILJIOBOI 9HEPIUY HA 3/IlaHIe COCTABJIIIOT OT 3 710
0,3 % [25]. TIpuuem 6OJbIIIEMY 3HAYEHUIO COOTBETCTBYIOT 3/[AHUSI C OTAll-
suBaemoit momaapio 100 M2, a Mmerbiremy — 10000 m2.

Tudpoanesamop — nuskoappexmuenoe ycmpoucmeo, He couemaioueecs ¢
nepementbiM ZUOPACIUUCCKUM PEHCUMOM MENIONOMPeOeHius COBPeMel -
H020 30aHUS.
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3.2. ABTOMATM3AUMA CYLLECTBYIOLWMX
TEMAOBBIX TTYHKTOB

Jlo ocyrecTBIeHUs 3aMeHbI 060PYI0BAHUST TEMIOBOTO MYHKTa HEOOX0-
JIUMO TIPOBECTH €T0 JIeTAIbHOE TEXHUYECKOE U TETIOTH/IPaBINYecKoe obce-
JIOBaHUE, B IPOIECCE KOTOPOTO BBISICHSIOT (haKTUUECKOe COCTOsIHEE abo-
HeHTckoro BBozia. [lpu aTom onpenensior [47]:
® [IpoeKTHbIe U (PAKTUUECKUE PACXOJIbI TEILIOHOCUTEIS;
® [IpOoeKTHbIe U (PaKTHUECKUE YACOBBIE, A TAKIKE MeCSUHbIE TEIJIOBbIE
HATPY3KI;

® [poekTHbIe U (HAKTUUYECKUE TTaPAMETPhI TEIIOHOCUTEST HA BBOJE —
CpeiHUE 3HAYEHWS] W WX OTKJIOHEHUs] KaK B paboueM, Tak U B
aBapUIHOM peskrMe PaboThI TEMIOCETH;

® cojep/KaHKe Ta3oB, TBEPAbIX YACTHI U XMMUYECKUX IIPUMeceil B
TEILJIOHOCUTEIE;

® Hajiuuue OTJIOKEHMII Ha BHYTPEHHUX IOBEPXHOCTAX TPyO W
apMarypal;

e pamnune B TpyOax OMy:KIAIOIUX TOKOB, PA3HOCTU MOTEHI[UANOB 1
BUOpAIHii;

® JICTOYHUKU TIOMeX JIJIsI 3JIEKTPOHHBIX YCTPOHCTB;
® CcTaGUIBHOCTD AIEKTPOIIUTAHUS.

[Tosygator ykasaHHBIE TaHHBIE KAK PACIETHBIM METO/IOM, TaK M METOZIOM
IPSIMBIX 3aMepoB. Tak, pacXozibl TETUVIOHOCUTEIS TIPU PACUETHOM METO/Ie OTIpe-
JIEJISTIOT TI0 TIPOEKTHBIM HArpy3KaM 1 TeMITEPATyPHOMY TPahUKy; TPU IPSIMOM —
VJIBTPAa3BYKOBBIM PACXOJOMEPOM C HAKJIAJHBIMU JaTduKaMu. /1151 3aKPBITBIX
CHICTEM B TIOCJIETHEM CJTydae CJIeyeT ONpPeAeTh PACXOBI B TIOATOIIEM 1 B
o6paTHOM TPyOOTIPOBOIAX JIJIST BBISIBJIEHNST HECAHKITHOHUPOBAHHOTO paszbopa
CETEBOIT BOJIBI THOO yTEUeK.

TennoBble HATPY3KU OTPEAEISIOT MO TEMIIEPATYPHOMY PEKUMY UCTOY-
HUKA TETJIOCHAOKEHUS W TEMITEPATYPHOMY PEKUMY CHCTEMBI OTOTIIEHTSI.

[To mpe3omeTpIrueckoMy Tpad Ky AaBACHNS TETVIOHOCUTEIS TETIOCETH
B CTATUYECKOM ¥ TMHAMWYIECKOM PEKMMax OTIPeIesISTIOT TPOeKTHBIE TTapaMe-
TPBI TEMJIOHOCUTEJISI HA BBOJIE B 3/[aHUE M COMOCTABJSIOT UX C PEATbHBIMU
MOKA3aTeJSIMU TT0 MAaHOMETPAaM.

WNudopmaria o comep:kaHnu B TEIIOHOCHUTENE BO3/LyXa M Ta30B, MeXa-
HIYECKUX M B3BEHIEHHBIX YACTHIL TTO3BOJISIET MIPABUIIBHO MOA00PaTh TEILIo-
Mep. Takoil aHATM3 OCYTIECTBIISIOT TIO OTJIOKEHUSAM B TPyOaxX 1 TPsI3eBUKAX.
Ciesyer oOpaTuTh BHUMaHUE Ha HaJWYHe MarHETUTOB B TEIIOHOCHTEIIE,
YBEJTMYMBAIONINX ITOTPEITHOCTD 3JIEKTPOMArHUTHBIX pacxogoMepos [48]. Ha-
JINYKE B TEMIJIOHOCUTENIE MEXaHUUECKUX YACTUIL HEIOTTYCTHUMO TIPU MCITOJIb30-
BaHWUU POTAIMOHHBIX TEIIJIOMEPOB, HACOCOB M aBTOMATHYECKUX KJIAITAHOB.
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Buyskaaionye TOKKM 1 3J1eKTPOXUMUYECKAs: KOPPO3USL MOIYT ObITh [IPU-
YMHOI HEYAOBJIETBOPUTEILHON paboThl A/ JaTYNKOB PACXOa U TeMIlepa-
TYPbI TEILIOHOCUTEJIS, a TaKKe TEIJIOBbIYUCINTENS. Bubpaiys cyluecTBeH-
HO BJIAsIET Ha pabOTy BUXPEBBIX PACXOIOMEPOB.

HecTabuabHOCTD 3JIEKTPOIMTAHUS IIPEAOIPEE/IsAeT BHIOOD TEILIOBbI-
YMCJIUTENS ¢ AKKYMYJIATOpaMIL Biimsger Takske Ha PacIIoNOKeHUe ITOKA aB-
TOMaTUYECKHX KJIAIIAHOB IIPY OTCYTCTBUU 3J1€KTPOSHEPTUU — 3aKPbITO, IPO-
MEKYTOUHOE — IIOJHOCTBIO OTKPBITO. 3aCTaB/IAET YCTAaHABIMBATD MECTHBIN
PE3epBHbLIT UCTOUHUK 3/IeKTPOCHAGKEH M, 1100 OCTABJIATD FUAPO3JIEBATOP,
KaK Pe3ePBHBII BADUAHT y3/Iy CMEIINBAHK C HACOCOM.

Ha ocHoBanuu 1osyuyeHHON nHGOPMALUKY BbIOUPAIOT CXeMy aOOHEHT-
CKOTO BBOJIa, IIOAOUPAIOT COOTBETCTBYIONIee 000pyA0BaHue, 00eCIIeYnBaIOT
ero paboToCIOCOGHOCTD. 3aTeM OIPEeISIOT STAIbI BHIIOJHEHUS paboT. AB-
TOMATU3AIMIO TEILIOBBIX IYHKTOB OCYILECTBIIIOT:

® [I03TAIIHO;

® B OJIMH 3T

[Toaranuyto MOJEPHU3AIUIO TPUMEHSTIOT TIPU OTCYTCTBUH €IMHOPA30-
BBIX CPEJICTB Ha TOJHYIO aBTOMATU3AINIO. 3a4acTyi0 PEaJu3yioT dTOT IyTh
py JajbHEIIell 3aMeHe 3aBUCMOTO IIPUCOenHeHs abOHEHTa K TEILI0-
cetn Ha HezaBucuMoe. Ha rnepBoM ararie ycTaHaBJIMBAIOT TEILJIOMEDP U HACOC
[49], mr60 TosbKO Termomep [50; 51]. Ha BropoM — maacTHHYATHIH TETTo-
0oOMEHHUK M aBTOMaTHuyeckue KjiamaHbl [49]. C ydeToM OTEYeCTBEHHOTO
HopMaTuBa [9], aBToMaTHUeCKUil PETYJIsITOP TEIIOBOTO MMOTOKA CJIELY€ET YCTa-
HABJIMBATh Ha TIEPBOM ITalle.

IIpu ycTaHOBKE HACOCOB, THAPODJIEBATOP MOKET OBITH JAEMOHTHPOBAH
60 ocTaBiieH. B mepBoM BapmaHTe THAPOIIEBATOP 3aMEHSIOT TTATPYOKOM U
YCTaHABIMBAIOT 3aTJIYIIKY Ha TTOMETTUBAOIEM TPYyOOTTpoBoIe 160 cpesa-

0T €r0, a B MoatoIuii 160 o6par-
@ HBIIT TPyOOTIPOBO/T BPE3aIoT y3€eT 06-
Tl% fg— 7, BASKH HACOCOB ¢ mepeMbrakoit. Kpo-
Me TOro, TI0CJie HACOCOB YCTAHABJIH-
| BAfOT PYYHOH PeTyJIUpYONNil Kia-
HaH st HAJIAIKA CHCTEMBbI OTOILIe-
HUST TeMIIepaTypPHBIM METOIOM 3], a
nepeji HACOCAMU YCTAHABJIMBAIOT
ceTyaThiil GUIHTP.
T RS 7 Bo BTOpOM citydae y3er 00BSI3KH
Hacoca ¢ PeTyJUPYIONINM KJIaaHOM
Puc. 3.1. MNapaareabHoe pasmeluerne 1 ¢urbTpoM  pasmeraioT mapa-

HACOCHOIO Y3Aa K TMAPOdAe- JICIBHO THAPOIJICBATOPY (puc. 3.1)
BaTopy [49]. Dunbtp caexyer pasmeniath
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nocJjie MmepeMbluky, uTo obecreunBaer (pUAbTPOBAHUE KAK CETEBOI, Tak U
nozaMeriuBaeMoii Bogbl. Ha mepeMbluke ciemyer yCTaHOBUTH 0OpPaTHbII KJia-
HaH [T TIPEJIOTBPAIIEHNsT TIEPETOKA CETEBOU BOJIbI B 0OpaTHBII TPyOOIpO-
BOjI. Bpesky mnoziatoriero Tpy6o1poBo/ia mocjie HacocoB OCYIIECTBIISIOT 3a 3a-
JIBUZKKOM, OTKJIIOYAIONIEH CHCTEMY OTOIJIEHUS, KOTOPast TIpU paboTe HACOCOB
noskHa ObITh 3aKpbiTa. Kpome Toro, Mexy (DJIaHIaMu COeJIMHEHUST TUPO-
5JIEBATOPA K MOAMENINBAIOIIEMY TPYOOIIPOBO/LY YCTAHABIMBAIOT 3ATJIYIIKY.

Hawydmmm BapuaHTOM MOJIEPHM3AIMN TEIJIOBOTO MYHKTa SBJISAETCS
€ro aBTOMATU3AIs B OJMH dTatl. TakuM mmyTem notuin B Kuese rnipu 3amene
TEILJIOBBIX IIYHKTOB OOLIECTBEHHBIX 3JaHMI. PealusyeMblil IIOAXO0J Ipes-
CTaBJIeH Ha puc. 3.2.

WnxeHnepHble cUCTEMBI 3/[aHUS TIPU aBTOMATU3AIINH TEIIJIOBOTO TIYHKTA
ocratorcst 6e3 uamenenust. O[HAKO BO3MOKHA JaJIbHENTIIAast MX MOJIepPHI3a-
IMs TTyTeM YCTAHOBKHM aBTOMATHUYECKUX TEPMOPETYJIATOPOB Ha Y3JIbl OOBSIBKI
OTOMUTEJBHBIX TPUOGOPOB CHCTEMbI OTOTIJIEHHS U YCTAHOBKU TEPMOPETYJISITO-
POB Ha IUPKYJIAMOHHBIE TPYOOIPOBOIBI CUCTEMBI TOPSYErO BOTOCHAOKEHIS.
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HoBbI1 y3en
TennonoTpebneHus
HoBbin y3en
NPUCOEANHEHNS CUCTEMbI
ropsiyero BofocHabxeHust

Puc. 3.2. Cxema 3ameHbl Y3A0B NPKU MOAEPHM3ALIMK TEMAOBOTO MyHKTa
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Takast MOJIEPHUBAIUA CTAHOBUTCS BO3ZMOKHOM, MOCKOJIBKY TTOOYUTENSAME
JBUKEHUST BOJIBI B OTUX CHCTEMAX SIBJISIIOTCS HAcochl. Kpome TOro, B HOBBIX
y3JIaX YCTAHOBJIEHBI CeTYaThie (DUIbTPDI, CHUXKAIOIINE 3aTPSI3HEHHOCTD TeTl-
JIOHOCHUTEJIS.

B cTapoM TemsioBoM MyHKTE JEMOHTHPYIOT TPAKTUYECKH BCe 000PY/I0-
Barue (puc. 3.3): KOHTPOJIBHO-U3MEPHUTENbHBIE TIPUOOPBI, y3eJ yUeTa, CKO-
POCTHBIE BOJZIOTIOOTPEBATENH, 2IeBATOPHbBIN y3esa. OCTaBJsIOT JUIIb 3a-
ABUAKKY U rpsaseBukn. [Ipudem 110 tpebosanuio [3] rpsseBuk Ha o6paTHOM
TpyOOIIPOBO/IE YCTAHABIUBAIOT TIEPE PETYJIUPYIONUMEI YCTPOUCTBAMHE, a
TaKxKe npn6opaMH yqua PaCcXO0/I0B BOJIbI U TEILJIOBBIX IOTOKOB.

T HoBbie y3iibl nipucoeuHenus cucTeM
‘ ' ' oromnenus (puc. 3.3,6) u ropsuero Bojao-
cHaGKEHUs TPOEKTUPYIOT B COOTBETCTBUN
¢ MecTHbIMU ycaoBusmu. [Ipu Mopephu-
3alUU TEIVIOBBIX MYHKTOB 10 IIPOrpaMMe
EBpomneiickoro 6aHka peKOHCTPYKIUH U
pasButusi B KueBe npumeHsior 3aBuCH-
MYIO CXEMY IIPUCOEUHEH ST CHCTEMBI OTO-
mienust (puc. 2.8...2.10) Ge3 neperyckHo-
ro kianaa 18 u IBYXCTyIleHUaTyio cMe-
HIAHHYIO CXEMY IIPUCOEINHEHMS CHCTEMbI
ropsiuero BOAOCHAGKEHUs € IJIacTHHYA-
TBIME TeriooOMeHHUKaMu (puc. 2.21,T).
Kpome Toro, B TemioBoM NmyHKTe aBTOMa-
TUBUPYIOT OTBOJ BOIbI U3 IPHUIMKA II0
cxeme Ha puc. 2.17.

HoBbie y3iibl ipucoeuHenus cucTeM
3a4acTyi0 UMEIOT 3aBOJICKOE W3TOTOBJIe-
HUE U TIOCTABJISAIOTCS Ha 0OBEKThI cCOOpaH-
HBIMU B BUjie GJIOYHOTO TEIJIOBOTO MYHK-
Puc. 3.3. O6wmin Bua aboHeHTCko- Ta. BJIOK MOCTaBJSAIOT ¢ TPUBAPEHHBIMU

ro BBOAQ: naTpyOKaMu K OTBETHBIM (hJIaHIIaM, YTO
a — A0 MoAepHu3aLmu; 6 — I0CAE o ierdaeT MOHTAKHbBIE PAOOTHI.
MOAEPHHK3aLIMKN [Ipr MozpepHMU3ANK TETLTOBBIX TTYHK-

TOB B TIOJABJISIONEM OOJBIIMHCTBE CJIy4aeB IeJ1eco00pPasHO MPUMEHSThH
G104HbBIE TETIOBbIE TYHKTHI. OHU COOPAHDI U MCTIBITAHBI B 3aBOJICKUX YCJIOBH-
X, OTJIMYAIOTCS HA/IeKHOCTBIO. MOHTa)K 000py/IOBaHKs YIIPOIAETCS U y/le-
IEBJISIETCS, YTO, B KOHEUHOM CUETe, CHIKAET CTOMMOCTh MOziepHu3aryu |52].

Moodeprusauuio menniosozo nynKma OCYWECMEsIOm Ha OCHOBAHUU 0e-
MAILHOZ0 MEXHUUECKO20 U MEeNna0ZUu0pPasiuueckozo o0ociedosanus abo-
HeHmcKozo 6600a.
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4. BAOYHbDIE TEMAOBBIE IMYHKTbI

Bisiounble TemmoBble TTYHKTHI
(BTII) npumensfoT 17151 IpUCOen-
HEHM K TeIJIOBOI CeTH CUCTEM OTOII-
JIEHUS, TOPSTIETO BOMOCHAOKEHUS,
BEHTWJISIINM 1 KOHAWITMOHWPOBA-
HUSI KaK HOBBIX, TaK U CYIIECTBYIO-
MUX 3[[aHWH, TPU MOJEPHU3AINN
ux aboneHTcKUX BBOAOB. BTII
TPe/ICTaBIAsIeT cO6OH TOTOBYIO K
HOJKJIOYEHUIO M 3IKCILIyaTaluu
KOMIIaKTHYIO YCTaHOBKY (puc. 4.1).
Komnonosky BTII BbIoMHAIOT HH-
JUBUYAJIbHO, C yY4ETOM Pa3MepoB
IIOMEIIlEHUS TEeIJIOBOIO IIyHKTA.

Usrotosasior BTII mox mobbie
TEIVIOBbIE HArpy3KH Ha OCHOBAaHUM
6a30BBIX cxXeM [53], KOTOpBIMHE TTpe-

Puc. 4.1. BAOYHBIN TENAOBOM NMYHKT

JIyCMOTPEHBI BAPUAHTBI TPUCOETMHEHUST MHKEHEPHBIX CUCTEM 3/IaHWS K TEeTIO-
Boii cetrt. TTogbop 060PyIOBAHNS OCYIIECTBISIOT IO TPOrPaMMe pacuera Terl-
JoBbix myHKTOB [landocce. B obiem ciayuae BTII cocrout us koMOMHAIMN

CJIEAYIONINX COCTAaBJIAIONINX:

® y3ja yyeTa U PeryJupoOBaHUs TEIIOBOI dHEPIHH /s yueTa PaKkTh-

YeCKOr0 Pacxojia TEIIOHOCUTEISI ¥ TEeIJIOThI, & TAKXKe PEryJIrupoBKU
(cHUKeHUsT) Pacxo/ia TEIIOHOCHUTENSI B COOTBETCTBUU C 33[AHHBIM
rpahuKOM TEMIIEPATYPHI;

y3Jia OTOIUIeHHS Jiisi oOectiedeHusT TpehGyeMOro pacxoja TEIrmoBOi
9HEPruu ¢ y4eTOM MOTOHBIX YCIOBUI, BPEMEHU CYTOK, JIHEl HeIean
U 1p.;

y3Jla TOPSIUYero BOJOCHAGKEHHS JUIs TIO//IePIKAHNUsT HOPMAaTUBHOM
temiiepaTypol Bojint (55...60 °C) B cucteMe Topsiaero BOA0CHAOKEHsT
U OCYIIEeCTBJIEHUS] TEPMUYECKON 1e3MH(MEKIIUN CHCTEMDBI;

y3J1a BEHTWISIIIUH JIJIsT PETYJIMPOBAHMS PACXOIA TEIJIOBOI dHEPIUU B
COOTBETCTBUU C MOTOJHBIMU YCJIOBUIMU U BPEMEHEM CYTOK.

BTII npezcrasisier cob60ii aBTOMaTU3UPOBAHHYIO YCTAHOBKY ¢ HEOOXO0-

IUMBIM 060PY/IOBAHUEM B COOTBETCTBHUY C TPEOOBAHISIMHU, TIPEHIBIISIEMbI-
MU K TETJIOBLIM myHKTaM. B xommaext moctasku BTII BXOAAT: Temmoo6-
MEHHUKH, IUPKYJIAINOHHBIE HACOCHI, 3alI0PHO-PETYINPYIONas apMarypa,
GUABTPLI, TPYOOTPOBOIBI, TPUGOPHI ABTOMATHKH, MIUT YIIPaBIeHNUs, Kabe-
JIH, TOKYMEHTAIHSI... BOJIBIIMHCTBO YKa3aHHOTO 0060PY/I0BAHUS TT00HPAIOT
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10 KOMIIBIOTEPHBIM IIPOrPaMMaM, KOMIIAKTHO yBA3bIBAas MeKAY COOOM A/
obecriedenust yao0CcTBa dKCIIyaTaluu. 3ajada MPOEKTHPOBIIMKA, IPUMe-
nstromtero BTTI, cBoguTes K cO0PY MCXOAHBIX JaHHBIX M YKA3aHUIO UX B OII-
POCHOM JIUCTE.

ITpumenenne BTII o cpaBHEHMIO ¢ TPAAUIIMOHHBIM a0OHEHTCKUM BBO-
JIOM TI03BOJISIET:
CHU3UTD 3aTPAThI HA CO3/IAHKE TEILIOBOTO TTYHKTA;
YMEHBIINUTH 3aHUMAEMYIO TLJIOIIA/[b TOMEIIEHUST;
COKPaTUTh CPOK MOHTaKa U IIyCKO-HaJIa[04HbIX PaboT;
COKOHOMUTD TEILIOBYIO DHEPTUIO U JIEHEKHbIE CPEJICTBA;
MIOBBICUTD HAZIEKHOCTD TEIIOCHAOKEHU 31aHN;
YIPOCTUTH JIAJIbHEHUINYIO MOJIEPHU3AINIO (aBTOMATU3AINIO) WHIKe-
HEPHBIX CUCTEM 3/JaHUH.

Brounviii mennosoil nynkm npedcmasnsem coboii 20moeoe MexHuuecKoe
pewenue 0ns abonenmckozo 6600a. Tennozudpasiuveckoe 63auMooei-
cMmeue U 260Mempureckoe PacnoloNceHue 8cex INeMEHMOs 8 HeM OCYU,ecm -
aisiem npouseooumens.
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5. OBbEKT PETYAUPOBAHUA

OO6BEKTOM PETYJIUPOBAHKS B TEIJIOBOM IyHKTE MOKET OBITh BCS CHCTE-
Ma OTOILJICHHUSI, CHCTeMa TeIIOCHAOKEH S KaJopudepoB, CCTeMa TOPSYero
BOJOCHAOKEHUSI, YaCTU ITUX CHCTEM, TEILIOOOMEHHbIH mpubOp MUIU IPo-
niecc. Tak, 00bEKTOM pPeryInpoBaHust st 6alaHCHPOBOYHOTO KJlamaHa moc-
Jie Hacoca sIBJISIETCSI BCS CHCTEMa OTOIUICHHUST; JiJist OaJIaHCUPOBOYHOTO KJla-
[aHa Ha paclpeIesuTebHON TpebeHKe — YacTh CHCTEMBI; JIJIsT PETYJIsSTOpa
TEIJIOBOTO MOTOKA — TEMJI00OMEHHUK TP HE3aBHCUMOM MOAKIIOUYEHIH JTHO0
cMeceobpasoBatme (TPOIECC) TEIIOHOCUTENIS 10 TpeOyeMoii TeMIiepaTypbl
IIPU 3aBUCUMOM IMOJKIIOUEHUH CUCTEMbI OTOIJIEHNsI. AHAJIOTMYHO OIIpe/ie-
JISTIOT 0OBEKT PETYJUPOBAHUS B CUCTEME TEILTOCHAOKEHN ST KamoprudepoB U B
crcTeMe ropsiaero BojocHabkeH s, OTandnTe bHast 0COGEHHOCTh CHCTEMbI
rOpsIYEro BOJOCHAGKEHUS 3aKJII0UAETCsI B TOM, YTO OHA PA3OMKHYyTa U 00b-
eKTOM PEryJIMpoBaHusl JJisi BOAOPa3boOPHOTO KpaHa (Peryiupymomui Kia-
HaH) sIBJsieTcst Bogopastop (Tporiecc).

5.1. PETYAMPOBAHWE TEMAOBOIO NOTOKA

HomuHaabHbIH TeIIoBoi MoToK Qp Terioo6MeHHbIX TPHUOOPOB IOJLY-
YalOT B Pe3yJIbTaTe TeIJIOBbIX UCIIBITAHUN B CHEIMATBHBIX KIUMATHYECKIX
Kamepax IpH OTIpeieJIEHHBIX HOPMUPOBAHHBIX BIUSIONNX (hakTopax [54]. B
peasibHbIX YCIOBUSIX IKCILIyaTanuu pacxo]; G TEIJIOHOCUTEJIST YePe3 TeILIo-
0OMeHHBII 1pubop, CPeAHUil mepemaz TeMieparyp At Mexay npubopoM u
OKPY/KAIOIUM BO3/LYXOM, CIIOCOO MOAKJIIOUEHUsT 1 MHOTO JIPYTHUX (GhakTOpOB,
KaK IIPABUJIO, OTJIUYAIOTCS OT TeX, IIPU KOTOPBIX [IPOBOJIINCH UCTIBITAHUSI.
Wx yuuThiBaioT monpaBoYHbiMEU KOdhdUIIMEHTAMU K HOMUHAJIBHOMY Tell-
JioBOMY 1OTOKY. [IprdeM oiHYM U3 HUX SIBJISTIOTCS TOCTOSTHHBIMU (HATIPUME,
Ha 1[BET TIOKPACKHU, CIOCOO YCTAHOBKH, CIIOCO0 TOAKIIOYECHYS U T. J1.), & IPY-
rve — repeMeHHbIMU. 3aKOHOMEPHOCTHU BJIMSTHUS I€PeMEeHHBIX (DaKTOPOB
HCTIOJIB3YIOT JIJIsT PETYJIUPOBAHUSI TEILJIOBOTO MOTOKA TEIMJIOOOMEHHBIX TTPH-
60pos Q. C y4eToM M3JI0KEHHOTO, TETJIOBOI TIOTOK TeIJI006MEHHOTO TIPU-
6opa 3aBUCHT OT TlePeMEHHbBIX (DAKTOPOB CJEMYIONIM 00Pa3oM:

n m
o-o[2)(S
=0, —1|=1.
~, ) G, (5.1)
TJie 71 U M — TI0KA3aTesu CTeleH.

[Tokasaresnn crenienn m = 0...0,18. HikHsasg rpanniia xapakTepHa g pa-
JIaTOPOB, BEPXHsIST — [IJisI KOHBEKTOPOB. B 11eJ10M 3TOT 1okasaTesib BeCcbMa
He3HAYnTeJNbHO BiusieT Ha Q.

[Tokasarens crerenu n = 1,25...1,35 xapakrepet /isl BceX KOHCTPYKITHIA KOH-
BEKTOPOB, a JIJIs pauatopoB 7 = 1,3. OH cylecTBEHHO N3MeHSIeT HOMUHAJIbHBII
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TEIJIOBO MOTOK TEII00OMEHHOTO TIPrOOPa, UTO /st KOHBEKTOpa Jnbo pa-
Jiatopa MoKasaHo Ha puc. 5.1 mpu Temiiepatype Bobl Ha Bxoze, paBHoit 90 °C.
Binsinve BOZOTJIMKOJIEBOW CMECH Ha XapaKTePUCTHKHU TerI00OMEHHBIX
npubOpOB HEOOXOMMO YUUTBIBATH [0 PEKOMEHIAIMSIM TIPOU3BO/ITEEH.

00y | —— 0/0y =
10°clLA 1 3°clT |
0,8 0,8 7
YR ol 7
7 g .
06| A A30°A a4 RAR
/Y /§0°C /| /
0,4 / // 0,4 N4
1 Tivd
/4 o2 lll
0 0,2 0,4 0,6 0,8 G/Gy 0 0,2 0,4 06 0,8 G/Gy
Puc. 5.1. 3aBucmumocTb Tenaosoro no- Puc. 5.2. 3aBUCMMOCTbL  TEMAOBOTO
TOKa KOHBEKTOpa OT nepena- MOTOKa rpeloLlero noaa ot
Aa TemrepaTtyp M pacxoaa nepenasa Temnepartyp w
TENAOHOCUTEAS pacxoAa TEMAOHOCUTEAS

YMenbleHue meperaza TeMIepaTyp TEIIOHOCUTEST MEKIY BXOJOM U
BBIXOJIOM TEINJI00OMEHHOT0 MPUGopa MPUBOAUT K YBEJTUUEHUIO JiehopMaIium
KPUBOIi, XapaKTepHU3yIollell 3aBUCUMOCTh OTHOCUTEJILHOTO TEILJIOBOTO MOTO-
ka Q/Qn oT oTHOCUTEIBHOTO pacxona G/Gy TeNJIoOHOCUTENS. 3HAUUTEb-
Hast epopMaIiust 3T KPUBOI TPOUCXOUT B OTOMUTENBHBIX TPUOOpPax of-
HOTPYOHBIX CUCTEM OTOIIeHUs. HecIoKHO mojcunTarh, 4rto, HapuMep, B
JECSATUITAIKHOM 3[[aHUH € OJIHOTPYOHON CUCTEMON OTOTIEHUS U PACYETHBIM
nepenagom temieparyp B 25 °C meperaj TeMIieparyp B OTOMUTENbHBIX PU-
6opax cocrasutr 25/10 = 2,5 °C. Kpome Toro, B mpoiiecce KaueCTBEHHOTO
LEHTPATBHOTO PETYJINPOBAHMS CUCTEMBI U3MEHSIETCS MIEPeray] TeMIIEPATYP
reronocuresst ¢ 25 °C mo npumepno 15 °C, ciresioBaTeIbHO B OTOTIMTENb-
HoM Tipubope nepenaj Temneparyp ymenbinaercs a0 15/10 = 1,5 °C. Xapak-
TEPUCTUKA OTOTIUTENBHBIX TPUOOPOB MPU ITOM CTAHOBUTCS TIOYTU TIPSIMO-
yroJibHO#1. B aTOM citydae mpu He3HAYNTENIBHOM OTKPBITUU PETYJISITOPA MAK-
CUMAJIbHO BO3PACTAET TEIJIOOT/a4a OTOMUTENLHOro Tprbopa. OcTaibHOi
XOJI TTOKA peryssaropa Oyjaer GecronesHbiM, MOCKOJIbKY MPOUCXOAUT TaK
Ha3bIBaEMOE JIBYXIIO3UIMOHHOE PEryJIPOBaHIe — "OTKPHITO OO 3aKPHITO".
ITO MPUBOUT K CKAUKOOOPAZHOMY PETYJIMPOBAHUIO TEIIOBOTO KOM(OpTA B
MOMEIIEHIH, YBEJIMIEHUIO BEPOSITHOCTH IIyMOOOPA30BAHS U YMEHDBIIIEHHTO
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aHeproa@ekTuBHOCTU 000, —
cuctembl. Perysuposa- =B
HUS TEIJIOBbIM IIOTOKOM 08 3 kG
OTONUTENbHBIX Hpubo- ’ S AA

POB B OJHOTPYOHBIX CHC- 06 N/

TeMaX JIOCTHUTaTb TeM 0 /) )( 2

cJI03KHee, yeM OOJIbIIIe OTO- / // 1
HUTEJIbHBIX TPUOGOPOB B 0.4 ///

cToske b0 IprOOPHOM 1

BeTke. [opasno ciokHee 0,2 //

JIOCTUYD JINHEHHOTO pery-
JIMPOBAHUSI TEIJI00OMEH-
HBIX 1IpUOOPOB B OJHO- 0 02 04 06 08 GGy
TpyGHbIX cucTemax mpu PYC. 5.3. XapakTepuctuka TenaooOmeHHMKa
MOJIEpHHU3AIIH TeILI0BO- MPU Pa3AMUHBIX BUMAAX PeEryAMpoBa-
T MyHKTA, EC/TH Y OTOIH- Husi: 1 — Ka4eCTBEHHOM 110 Temrepa-
Type Hapy>KHOro Bo3Ayxa, 2 — Kayec-
TBEHHOM 110 TemrepaType rnomelie-
HUsI; 3 — KOAMYECTBEHHOM 110 Temiie-
patype nometuerHus [55]

TeJIbHBIX IIPUOOPOB OT-
CYTCTBYIOT TePMODETryJisi-
Topel. Torma Bce 3amayu
[0 PEryJUPOBAHUIO OTO-
MUTEJIBHBIX PUOGOPOB BO3JIAralOTCst Ha PErYJUPYIONUI KTalaH TernjaoBoro
MYHKTA.

Nmenno 3HaunTeIbHast KPUBU3HA XaPAKTEPUCTIKU OTOIUTENbHBIX IIPH-
GOPOB ABJAETCS MPUYNHON OTKA3a B €BPONEHCKUX CTPAHAX OT MPUMEHEHMS
OZIHOTPYOHBIX CHUCTEM OTOILIEHUS. A MOJEPHU3AINS TEIJIOBBIX MYHKTOB C
ONHOTPYOHBIMU crcTeMaMu (B OBIBIIUX COIMATMCTUYECKUX CTPaHAX ) TIPe/l-
10JIaTaeT AAJIbHEHIYI0 MOJEPHU3AINIO CUCTEMbI OTOILIEHUST TIyTeM yCTa-
HOBKH TEPMOPETYJIATOPOB Y OTOMUTENBHBIX TPUOOPOB, OO MOJTHYIO 3aMe-
HY OJHOTPYOHOU CHCTEMbI OTOIIEHUS HA JIBYXTPYOHYIO C TEPMOPETYJISITO-
pamu.

B 3HauMTENBHO JYUNIUX YCIOBUSIX IIPOUCXOIUT PEryIMPOBAHUE TEILIO-
BOT'O TIOTOKA OTOIUTEJBHBIX TPUGOPOB ABYXTPYOHON CHCTEMBI OTOIICHHUS,
MOCKOJIBKY TIeperaji TEMIIePATyp B HIX PaBeH MEPeIajly TeEMIIEPATYPbI B CHC-
Teme otoruienus. Hampumep, e e 25...15 °C. Ilonxyuaemas kpuBusHa xa-
PaKTEpPUCTUKU OTOMUTEILHOTO TPUGOPA JIaeT BO3ZMOKHOCTD KOJMIECTBEHHO
U3MEHSTh PACXOJl TEIJIOHOCUTEJISI XOIOM IIITOKA PETYJUPYIONIEro KialaHa,
YIPaBJIsisl TEMJIOBBIM TIOTOKOM OTOIUTENLHOTO pubopa u obecreynBas mo-
TpebieHne TenIoBOi SHEPIUU B COOTBETCTBUHM C TIOTPEGHOCTHIO JIJIs IOJIEP-
JKAHUS TENI0OBOTO KoMpopTa.

Hawny4mumu ycioBusMHU, ¢ TOUKU 3PEHUST PeryJUpPOBaHUs, HO He
CaHUTAPHO-TUTUEHUYECKOH, OBLIO Obl yBeJUUeHNe Nepernajia TeMIIEPaTy bl
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B cucTeMe oTorjieHus. KoMIpoMucca JOCTUTAOT TOJBKO B ABYXTPYOHBIX
cHCTEeMax OTOTIEHHUS C TIepeTtaioM TeMrepatyp npumepso B 15...25 °C.

ITomo6HOE NCKPUBJIEHNE UMEET XapaKTEePUCTHKA TEMJIOBOTO TIOTOKA TPe-
OIIETO TT0JIa TIPU TeMIIepaType TeIJIOHOCUTEI Ha BXoie, paBHO 46 °C, uTto
mokasaHo Ha puc. 5.2. Tak, KpuBU3HA XapaKTEPUCTUKHU IPEIOIIETO TOJIa B J1-
armasoHe pabounx nepernagos remieparyp (3...11 °C) cooTBeTcTByeT KpUBH3-
HE XapaKTEePUCTUKK OTOMUTEIBHOTO IIPHOOpa ABYXTPYOHOU CHCTEMBI OTOII-
geaus (10..25 °C). CremoBaTenbHO, 9TH CHCTEMbBI TPUMEPHO OIWHAKOBO
MOJJTAIOTCST PETYJIUPOBAHMIO.

Hekoropoe nsMeHeHHe KPUBU3HBI XapaKTEPUCTUKU TEIITO0OMEHHOTO
npubopa BHOCHUT cIToco0 ero peryInpoBaHusi, YTO MOKa3aHO Ha XapaKTepuc-
THKE TeIT00OMeHHIKa Ha pric. 5.3 [55]. [Tpu KauecTBEHHOM PeryIMPOBaHUN
(M3MeHEeHWEeM TeMTIepaTyPhl TO/IABAEMOT0 TETLIIOHOCUTEJIS ) XapaKTePUCTHKA
TernIooOMeHHNKa GoJiee TOJIoTast, YeM TIPH KOJMYECTBEHHOM DEryJIMpoBa-
Huu (M3MeHeHreM pacxoa Tertonocuteis ). O6macTh pazbpoca XxapaKTepu-
CTUK Ha PUCYHKE SBJSIeTCST (DYHKITMEH Pa3HOCTU TEMIIEPATyp MEK/Y TeTLI0-
0OMEHMBAIOTIIIMHUCS CPEIaMIL.

Taxum 06pazoM, GOTBIIHHCTBO TEIIOOOMEHHBIX MTPUOOPOB UMEIOT He-
JuHeHy 3aBUcUMOCcTb Q/Qy oT G/Gy. DTO yCIOKHSIET TPOIECC PeryJsin-
POBaHMS TETIOBOTO OTOKA. TaK, MpW YBEJTMUYEHUN OTHOCUTEIHLHOTO PACXO0-
na tertoHocutess ¢ 0 o 20 % OTHOCUTETBHBIH TEMJIOBO TOTOK BO3PACTaeT
¢ 0 10 80 % (cymmapubIil aramnason mo rpacdukam Ha puc. 5.1...5.3). Cieno-
BaTeJbHO, TEMJIOOOMEHHbIE TPUOOPBHI BEChbMA YyBCTBUTEIbHBI TP PETyJIU-
POBaHUU MaJIbIMU PACXOAaMK TEIIOHOCUTEJIS, a IPH pacxoaax, OJU3KHX K
HOMWHAJIBHOMY (PacyeTHOMY) 3HAUEHUIO U BbIIIIE, UX TEIJIOBOW TOTOK CY-
MECTBEHHO HE M3MEHSIETCSI.

5.1.1. MaeaabHOe peryanpoBaHue TenaoobmeHHoro npubopa

CrabupHoe yupapjeHue TermIoo6MEeHHBIM NPUOOPOM MOJTyYaloT Mpu
JIMHEHHON 3aBUCHMOCTH €T0 TEIJIOBOTO TTOTOKA OT X0/Ia MITOKA PEryJIupylo-
niero kianana. C 9TOM 1ebI0 pacCMaTPUBAIOT MEATbHYI0 COBMECTHYIO pa-
6oty TemnmooOMeHHOTo Mpubopa M Peryanpylomero Kianana. Ee cyTs 3a-
KJIIOYAETCS B TOM, YTO PACXO/HAS XapaKTEPHCTHKA KJallaHa JOJKHA ObITh
3epKaJbHBIM OTOOPaKEHNEM XapaKTEPUCTUKK TEILIO0OOMEHHOro mpubopa.
Jlnst aToro neobxoanmo obecrieuntsd 10 % yBeInuenne OTHOCUTENTLHOTO pac-
xoza G/Gy Ha KialaHe Ipyu OTHOCUTEILHOM HoAbeMe mToka /,/hy gy Ha 50 %.
Torapa orHocuTenbHBINA pocT TermmoBoro motoka Q/Qy coctasut 50 % mpu
OTKpbIBaHWU KjamnaHa i/hqyo Ha 50 % (puc. 5.4), T. €. JOCTUTHYTO JIMHEITHOE
perympoBanue.

PaccMoTpeHHOe yIIpaBIeHne TeIJI000MEHHBIM MTPUGOPOM SBJISETCS WIe-
ANTM3UPOBAHHBIM, K KOTOPOMY CJIeyeT cTpeMuThest. OcoOeHHO BaKHO 9TO
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MIPU MCIOJIb30BAaHUU PETYJIITOPOB TEIJIOBOTO TOTOKA (TeMIepaTyphl) Tps-
MOT'O JIeHCTBHUS, TOCKOJIbKY MEXK/Y JaTYUKOM TeMIIepaTypbl U 110JI05KEHUEM
HITOKA KJIallaHa yCTaHOBJIEHA JKEeCTKasl CBA3b. BasKHBIM 2TO SBJISIeTCS U UL
PETYIISITOPOB HETPSIMOTO JeiicTBYs. B 060mX BapmaHTax yIIydliaeTcsi peak-
1S PETYJIMPYIONIETro KanaHa Ha M3MEeHeHNe TeMITepaTyphbl, UYTO TIOBBITIAET B
WTOTE TETJIOBOI KOM(OPT B TIOMEIIEHNHN U 9KOHOMUT 3HEPTOPECYPCHI.

010y G/Gy QI0y

05 -+

0,1
0,1 G/Gy 0,5 hlhioo 0,5 hlhioo
a 6 B
Puc. 5.4. PeryanpoBaHue TenaoobmeHHoro npubopa: a — xapakTtepucTmka
TENAOOOMEHHOTO rprbopa; 6 — PaCXOAHasi XapaKTeprucTuKka pery-
AMPYIOIIETO KAQMaHa; B — MAEAAbHAsI XapakTEPUCTUKA PETYAMPOBA-
HUs1 TENA0OOMeEHHOTO rpubopa [56]

PaccmoTrpennble 3aKOHOMEPHOCTU PEryJIMPOBAHUS OTHOCSATCS K OTOIU-
TEeJIHBIM IPUGOPAM CHCTEMbI OTOILIEHIS, TEILITO0OMEHHUKAM CHCTEMBI OTOII-
JIEHWsT U TOPSIYETO BOAOCHAOKEHVS, KaToprdepaM CHCTEMbI BEHTUJIISIIHM.
OHu cupaBeInBbI TAKXKE U JIJISL TeX CUCTEM OTOILIEHHS, KOTOPble He UMEIOT
TEPMOPErYJIATOPOB Y OTOIUTEIBHBIX IPHOOPOB.

Juneiinoe ynpasjienue meniosovim 1nomoxKom menioooMenHozo npu6opa -
UOCANLHBLLL 3AKOH pezyruposanus, K Komopomy czleayem CMPEMUMDBCA NPU
npoekmuposanu B00SAHDIX UHICEHEPHDBLX CUCITEM 30anusi.

Boibop 6uda pacxoonoil xapaxmepucmuxy Kianamad 3asucum om 6uda xa-
paxmepucmuku 006eKma pezyiuposanus.

5.1.2. MaeaAbHOE peryaMpoBaHue npouecca

ITpu mogGope peryIaTopa TEMI0BOrO TOTOKA, YCTAHABINBAEMOTO TIEPE]T
Y37I0OM CMEITUBAHUS B TETIOBOM TIYHKTE, CJEYET 0OECTIEUNTD aleKBATHYIO
PEaKINIO PEryJNpyIONEro KJaanaHa Ha M3MEHEHNE TeMIIepaTyphbl TEIJIOHO-
cutens. J[msg aToro Heo6X0MMMO, 4TOOBI KITamaH TPOTYCKAT HeoOXOMMMOoe
KOJIMYECTBO CETeBO BOJBL.

Pacxoa cereBoit Bozbl U TeMIileparypa TEIJIOHOCUTEJIS, 1101laBaeMOro B
CUCTEMY OTOTIJIEHUSI, IMHEHO 3aBUCAT OT K0ahPuIlneHTa CMeNMBaHus, U,
CJIEIOBATETHHO, TTHEHO B3AMMOCBSI3aHBI MEKTY c0060it. TTOCKOMLKY TEToBoit
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1,

0,5

0,5 hlhioo

Puc. 5.5. MaeanbHoe pery-
AMPOBaHWE CMe-
ceobpazoBaHusi

G/Gy

0,5

0,5 hlhioo

Puc. 5.6. MaeanbHoe pery-
AMPOBaHME BOAO-
pasbopa

MMOTOK Ha OTOIJIEHWE, PEryJUpYeMbIi 10 Ha-
PY’KHOMY BO3/lyXy W TeMIlepaTypHOMY Tpacu-
Ky, TakKe JIMTHETHO 3aBUCUT OT TeMIepaTypbl
TEIJIOHOCUTEJISL B CUCTEMe OTOILIeHUs, TO pac-
X0/ TEeIJIOHOCUTEJIS, IIPOXOJSAIINIL uepe3 pery-
JIIPYIOINI KJlallaH, JOJIKeH U3MEHSITLCS JIU-
HeliHO. VITOTOBBIN rpadk MeaqbHOTO PEryJin-
pOBaHUsT cMeceoOPa3oBAHUSA TETLITOHOCHTEST
npeJCcTaBieH Ha puc. 5.5, rie t/t, Xapakrepusy-
€T OTHOIIIEHNE TEeKYIIeTo 3HAYeHNs TeMITepaTy-
pbl TEIUIOHOCUTEJIS, I[10/IaBaeMOr0 B CUCTEMY
OTOIJICHUS, K PACIeTHOMY (HOMUHAJIBHOMY ).

B cucreme ropstaero BOIOCHAOKEHST PETy-
JIMPYEMBIM TIPOTIECCOM SIBIISIETCST BOZOPA3top
noTpebuTeseM. ITOMY TIPOTIECCY JIUITb B TI0-
cje/iHee BpeMsl CTasll yeIsATh BHUMaHUE, 0CO-
GEHHO B BBICOTHBIX 3[[aHUSIX, I/le TIPH HE3HAYM-
TEBHOM OTKPBIBAHUU BOAOPa3OOPHOTO KpaHa
HCTEKaeT BOJa CO 3HAYMTEJILHLIM PACXO/OM U
JlasbHelIee OTKPBITHE KpaHa He TPUBOJUT K
n3MeHeHM1o pacxoja. Kpome Toro, npu wuc-
MOJTb30BAHUN CMeCUTENei HabIoatoTesT Kote-
GaHUs TeMIepaTypbl CMECH, BbI3bIBaeMble H3-
MEHEHMEM JIaBJICHUSI B CHCTEME XOJIOJHOIO U
TOPSTYETO BOOCHAGKEHTIS.

W eaibHBIM PETYJIMPOBAaHKUEM TIpollecca Bojopasbopa saBJjsiercs: obec-
nevyeHre JTMHERHON 3aBUCUMOCTH MESKLy OTHOCHTEIBHBIM XOOM MITOKA BO-
nopasbopHoro kpana fi/hqgy (1160 OTHOCUTETbHBIM OTKPBITHEM TIPOXO/HO-
IO CEYEHUST) M OTHOCHTEIbHBIM BogopasbopoM G/Gy (puc. 5.6).

Junetinoe ynpasnenue npoueccamu cmeceobpasosanus u eodopasbopa —
UOeANbHBLL 3AKOH PEZYIUPOBAHUS, K KOMOPOMY CLedyem CmpemMumscst npu
NPOEKMUPOBAHUU BOOSHBIX UHNCEHEPHBIX CUCTNEM 30AHUSL.
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6. ObOPYAOBAHMUE TEMAOBbBIX NMYHKTOB

TentoBbIe TYHKTHI MTOIPA3AEISIOT Ha:

® [[eHTpaJIbHble TeIJIOBbIe IYHKTHI — JIJIs1 IIPUCOEINHEHNS CUCTEM OTOII-
JIEHVsT, BEHTUJISIIIUY, TOPSYETO BOAOCHAOKEHUS Y TEXHOJOTHIECKHUX
TEIJIOUCIIONB3YIONUX YCTAHOBOK JUJIST IBYX MJIM O0Jiee 3aHui;

® JH/IMBU/yaJbHbIE TEIJIOBbIE ITYHKTBI — TO K€, /11l OJTHOTO 3/[aHusI NN
€ro 4acTH;

® MecTHble (KBapTHUPHbBIE) TEIUIOBBIE MYHKTBI — JIJIS TIPUCOEAMHEHUS
KBaPTUPHBIX CUCTEM TEIIOTIOTPEOICHYS.

[IepBble mBa THMA TETUIOBBIX IMYHKTOB SBJSIOTCS HOPMHUpyembiMu [3].
[Toceauii THTT TOJIBKO HAYMHAET PACTIPOCTPAHSATHCS B HAIIEH CTpaHe, XOTs
3a pyGeKOM HarleT MUPoKoe MpuMeHenne. /[Jist eTo peaansarn n3roTaBim-
BatoT GJIOYHBIE TETJIOBbIE ITYHKThI 3aBOICKOI TOTOBHOCTH, YCTAHABJIUBAEMbIE
HETOCPE/ICTBEHHO B KBAPTUPAX WM KOTTEKAX. ITO 0OCOOEHHO YAOOHO /IIst
3/IaHNH € HEM3BECTHON 3apaHee MJIAHNPOBKON MOMeleHui (KBapTup) 1 Th-
MTOM WH)KEHEPHBIX CHUCTEM B 3TUX nomelieHnsaX. OHM TPeoCcTaBsioT BO3-
MOKHOCTD BBIG0OPA KBAPTHUPBI 13 OOTIEH TUIOTIAN 3MaH¥s TI000H TLTOTIA/IH 1
HTAKHOCTH, a TAKIKE TIO3BOJISTIOT BBHITIOMHUTD HHKEHEPHBIE CUCTEMBI JII0H0TO
codeTaHus U CTEIeHU CJI0KHOCTU 110 MHANBU/IYaIbHOMY 3aKasy.

B Jsr060M THIIE TEMJIOBBIX IYHKTOB IMPELYCMATPUBAIOT pasMelleHIe
060pyIOBAHYIS, APMATYPBI, TPUOOPOB KOHTPOJISI, YIIPABIEHNST U ABTOMATI3a-
I[N, IOCPE/ICTBOM KOTOPBIX OCYIIECTBJIAIOT:

® 1peoGpaszoBaHUe BUA TEIIOHOCUTEIISI UM €T0 TTapaMeTPOB;

® KOHTPOJIb TAPAMETPOB TEIIIOHOCUTEJIS;

® yyeT TEIJIOBBIX TOTOKOB, PACXO/IOB TEIIOHOCUTEJIS;

® peryJIMpoBaHUe PacXojia TEIVIOHOCUTEIS U PACIIPEIe/ICHHE eTo TI0 CH-
creMaM noTpebJIeH st TEIIOThI

® 3AIUTY MECTHBIX CHUCTEM OT aBapUIHOTO IOBBINIEHUS TIApaMETPOB
TETJIOHOCUTEJIS;

® 3anoJIHEHUE U TIOAMUTKY CUCTEM TENonoTpebieHus;

® AKKYyMYJMPOBAHUE TEIJIOTHI;

® BOJIONOATOTOBKY JIJIs CUCTEM TOPSUEro BOAOCHAOKEHYSI.

HepeLH/IC]IeHHbIe MEPONPUATHA, B 3aBUCHUMOCTU OT Ha3HAYECHUA TEIITIO-
BOTO IIYHKTa U MECTHDbIX yCJIOBI/IfI, MOTYT IIPUMEHATDH BCE, JII/I6O YaCTHUYHO.
OCyH.IeCTBJIﬂK)T JaHHbIE MEPOIIPUATUA COOTBETCTBYIOIIUM HOZI60pOM O60py-
AO0BaHNs TEIJIOBBIX ITYHKTOB.

Cospemennoe asmomamuueckoe 060pyoosanue Ha0eIeHo HOBLIMU CEOT-
cmeamu u QYHKUUAMU, KOMopole mpedyom KoppexmuposKu mpaouuon-
HOU OMeYecmeenHOU NPAKMUKU NPOEKMUPOBANHUSL MENI0BHLX NYHKMOE.
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6.1. KAATTAHDI

Kramamsr oTHOCST K K1accy TpyOOTPoBOAHON apMaTypbl. OHE OT/IYa-
10TCST CTOCOGOM TIEPEKPBITHST TIOTOKA TETIOHOCUTEST, 3aKTIOYAIONINMCST B
BO3BPATHO-IIOCTYIIATEJbHOM IIepeMellleHIH 3aTBOPa B/I0JIb OCU 110TOKA Tell-
JIOHOCHUTEJIST B ceflyie Kopiryca apMaTypsl [46]. B cooTBeTcTBUM co cTanmap-
TOM |57] 110 Ha3HAYEHUTO PA3INYAIOT APMATYPY: 3ATOPHYIO (JJIsT TIEPEKPHITUS
[I0TOKA), PEryJIUpyIoyio (JUIs1 U3MEHEHUsl pacxojia TEIJIOHOCUTEJIS), pac-
[IpeIe/InTeIbHO-CMECUTEIbHYIO ([IJ1 paciipe/iesieHus I0TOKOB TeIJIOHOCUTe-
Jis TIO HATTPaBJIEHUSIM WJIN JIJISI CMENITUBAHNS TIOTOKOB ), TTPEIOXPAHUTETBHYIO
(71s1 321U THI DJIEMEHTOB CUCTEMBI TPU OTKJIOHEHUU TTAPAMETPOB TETLIOHOCH-
TeJIsT 32 PEKOMEH/IYEMBIE TIPEIEITBI ), 0OpaTHyTO (JI7Is1 aBTOMATUYECKOTO TIPE]i-
OTBpallleHUS U3MEHEHMS HallPpaBJICHUS TEILJIOHOCUTEI ).

OnHO U3 TJIaBHBIX OTJIMYNL COBPEMEHHON apMaTypbl — 3TO MHOTO(YHK-
LIMOHAJIBHOCTDb, T. €. IIpe/JHa3HaYeHHOCTb JIJI BBIINOJHEHUS HECKOJIbKUX
bynkuumii. Takoil apmMaTypoil SBJIsIeTCA, HAIIPUMEP, 3alI0PHO-PeryJInpyIolasl.

3ariopHas apmarypa IipeJHazHadeHa /s IePeKPhITHA II0TOKA TEIJIOHO-
cutesis. IIpyHUMaTh 3all0pHYIO apMaTypy B KauecTBe peryJupylolieil He j0-
nyckaercs [3]. ITo BbI3BAHO, IIPEK/e BCErO TeM, YTO 3allopHas apMarypa
KOHCTPYKTUBHO He IIPeJiHa3HayeHa g TaKuX 3a/iad: UMeeT HU3KYIO 1IIUKJIO-
BYIO Harpy3Kky (6bicTpoe cpabaThiBaHme MPH 9aCTOM HCTOTH30BAHNHT) U CO-
3/1aeT PE3KUH Teperna/l IaBIeHNs TETJIOHOCUTESIS TIPU 3aKpbIBaHUM [46].

Perynupylomas apmaTtypa npeaHa3HadeHa /Ui PeryJmpoBaHus Pacxoja
TerioHocuTess. HezaBUCUMO OT KOHCTPYKTHMBHOIO MCIOJHEHUS KOHEYHOH
TeTTHI0 ee ToA00pa SIBISIETCST 0OeCTIeYeH e TMHENHON 3aBUCHMOCTH MEXKTY Pe-
IYJIMPYIOIINM BO3/ICHCTBUEM U U3MEHEHUEM PETYJIMPYEMOTO TapameTpa [33].

Knananwvi Cﬂeayem NPUMEHSAND COZJIACHO UX HASHAUEHUTO.

6.1.1. MNponyckHas cnocoOHOCTL KAanaHa

OCHOBHOI THIPABJINYECKON XaPaKTEPUCTUKON 3allOPHO-PETYJINPYIO-
el apMaTypsi siBiisieTcst koaddurmeHT MecTHOro conporusienust £ Ero
OTIPE/IEISAIOT TIPU MTPOTEKAHUM BOJIBI Yepe3 KJIallaH B PeKUME KBAJIPAaTUIHO-
ro conporusienust. Haxoust & sKCIEPUMEHTAIHLHO KaK OTHOIIEHUE TI0Te-
PSHHOTO ITOJIHOTO JIABJIEHUS HA KJIAllaHe K IMHAMUYECKOMY JIaBJIEHUIO B €T0
YCJIOBHOM BXOJIHOM cedyeHuu. Kpome toro, B koahduiimeHT MecTHOTo co-
MIPOTUBJICHUS KJIAllaHa BKJIIOUYEHO COTNPOTHUBJIEHUE YYACTKOB IPUCOETUHU-
TEJILHBIX TPYOOITPOBOIOB, HA KOTOPBIX IPOUCXOJIUT TIEPECTPOIKA MOJIST CKO-
pocTH BOzibl. Ta 0COGEHHOCTD TPedyeT HAJIMYUsA B CHCTEME TIPAMBIX yJ4acT-
KOB TPYyOOIPOBOIOB Mepe/l KIarmaHoM 1 rnocJie Hero (puc. 6.1), uto He Beeria
JOCTUKIMO.
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IIpu mpAMOIUHEWHBIX ydacTKax —

TpyO JJIMHON MEHbIIIe YKa3aHHbIX CO- ‘ 54 ‘ 10d ‘
OTHOIIIEHUH, THIPaBIMYECKNE Xapak- ‘
TEPUCTUKH apMaTypbl OyAyT OTaH- Pyc. 6.1. [NpncoeanHeHne kaanaHos
YaTbCsd OT MAPaMEeTPOB, IPEI0CTaBIIsIe-

MBIX MPOU3BOAUTENEM B TEXHUYECKOM OIMUCAHUM. PeKOMEHIyeTcst, 4TOObI
paccTosiHue MeKy 2JIEeMEHTaMU TEIJIOBOTO Y3714, CO3/IAI0IUMHU MECTHBIE CO-
npotusenus, 66110 He Menbite 10d. [Ipr MEeHBIITX COOTHOTIEHUSIX HEOOX0-
JIIMO 9KCIIEPUMEHTAIIBHO OIIPEESITH 00IIee COMPOTUBIECHNE Y3J1a, COCTOSI-
I[Er0 U3 HECKOJNBKUX OJIM3KO PACIOJIOKEHHBIX JIEMEHTOB. Apudmernde-
CKO€ CYMMHWPOBAHUE MECTHBIX COIIPOTUBJIEHUI 9THUX 2JIEMEHTOB, KaK 4acTo
JleJlaeTcs Ha TIPAKTHUKeE, He OTBEYAET PEIbHOMY THPABINYECKOMY COIPO-
TUBJIEHUIO Y3J1a. JTO SIBJSIETCS] OJIHON M3 TIPUYUH HEOOXOMMOCTH HAJIAJKU
CUCTEMBbI U TPUMEHEHUS PETyJIUPYIONTUX KJIAAHOB.

K tuapaBindyeckuM XapakTepUCTUKAM KJANAHOB OTHOCAT TaKXKe MPO-
MyCKHYIO c1IocoGHOCTD. Ee onpenessior kak 00beMHbIi PacXoji BOABI B M?/4
¢ urotHocThio 1000 Kr/m2, Ipoxosineil Yepes KiamaH MpH Mepernajie 1aBJie-
nust 10° T1a (1 6ap). [ToaToMy 4acTo B KaTajorax u ClipaBOYHUKAX TipeHebpe-
raioT 3HaMeHaTeJIeM eIITHUIL U3MePeHUs U YKA3bIBAIOT TOJbKO M3 /4. OHAKO
[P 9TOM TEPAETC TUIPABINYECKUI CMBICJI IAHHOTO TTapaMeTpa.

s onpenenienna MecTHBIX ToTepb AaBieHus AP, [1a, B kiananax mpe-
obpasyior ¢opmyiry Beiicbaxa

AP =5%, (6.1)

B ypaBHeHue (6.2), 3aMeHsIsI CKOPOCTb BOJBI OTHOIIEHHEM OOBEMHOTO
pacxo/ia K IO YCIOBHOTO TPOXOHOTO CEYCHUS W TPUMEHSIST €IMHUTIBI
usMepenus [6ap] mist AP, —

1o,

AP = k_VZV . (6.2)
riae & — KoapUIMEHT MECTHOTO COIPOTUBJIEHUS; P — IJIOTHOCTH BO/IbI,
KI/M% U — CKOPOCTb JIBUKEHUS BOJbI, M/C; K, — TIPOITyCKHAs CIOCOGHOCTD
kiarana, (M%/4)/6ap®’; V — 00beMHDIN PACXOJT BOJIBI, M3 /4.

CpasnuBas ypasaenus (6.1) u (6.2), onpezesigem, 4To IPOIYCKHAS CIO-
cobnocth Kiaanana ky, (mM%/4)/6ap®® cocrout us KoadduimerTa MECTHOrO
COIIPOTUBJICHUS U TIJIONIA/IN BXOJIHOTO CECUEHUS KJIallaHa, KOTOPYIO paccyu-
TBIBAIOT TI0 YCJOBHOMY JMaMeTpy BXOJHOro ceueHus. [loatomy pasmep-
HOCTbH Ky TIPEACTABISAIOT HHOTA B M%, UTO HE B IIOJIHOI Mepe OTpakaeT THl-
PaBJANYECKYIO CYTh JAHHOTO IapameTpa.

ITapamerp Ky, OlleHrBaeMbIil pa3MEPHOCTBIO JIUIIb M? /4, yI0OeH B IOJIb30Ba-
HUM TEM, YTO JIa€T BO3MOKHOCTD OIIYTHUMOTO BOCIIPUATHS €0 TPOITYCKHOM
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CIIOCOGHOCTH TIPU CPABHEHUH € IPYTHME KJIaiaHaMu. [[Jist BceX KJIAIaHOB Tie-
peraj [aBjieHus pyu X ucnbitTanuu nocrosined [58]. Ho o, kak mnpasuio,
He COBIIAJIACT C TIepera/loM aBJIcHIS B peasibHoii cucteme. [loaTomy 1pu 3a-
Kase U creruduKayu KIamaHoB HeOOXOAUMO PACCUUTHIBATH Ky 10 HOMMU-
HAJbHBIM IIAPAMETPAM CUCTEMBI C Y4ETOM TPAAUIMOHHO TIPUMEHIEMOT CHC-
TeMbl pazMmepHoctell. Haubosee yacto Berpevaronuecs mepeBoHbie Gop-
MYJIbI TPUBEIEHBI B TaOJI. 6.1.

Tabanua 6.1 Onpeaenerue nporyckHos# criocobHOCTH KaanaHa ky, (m>/4)/6ap®>
AP, Gap, AP, xIla, AP, MM BOJIL. CT., AP, xIla, AP, T1a,
V, M3 /9 V, /¢ V, M3 /q V, /4 G, kr/4
4 4 4 4 G
k= —— k,=36— | k=01-— | k,=0,01-— |k =0,316———
"JAp VAP Jap VAP VAP

Caeyer o6paTuTh BHUMaHKE Ha TO, 4TO mapameTp K, MokeT MMeTb
MHYIO UHIEKCAINIO, HarpuMep, Kys. B aTOM cirydae naHHbBI TTapameTp orpe-
JIeJISIET TIPOITYCKHYI0 CIHOCOGHOCTD KlallaHa B MaKCHMAJIbHO OTKPBITOM TIO-
JIOJKEHUN.

[Tapamerp ky siBistercst anasorom tposBoaumoctu o [14], (kr/a)/I1a%.
[Tox TPOBOAMMOCTDBIO TIOAPAa3yMEBAIOT (DU3MUECKYIO BEJIUINHY, KOJIMUIECT-
BEHHO XapaKTEePHU3YIOIILY0 CIIOCOOHOCTD dJIeMeHTa TH/PABINYECKOI CHCTEMBI
MIPOITYCKATh BOAY TIPU HAJWYMK Ha HEM Teperajia qasierws. [1o mpoBoganmo-
CTU HaXOJSIT TMIPABIMUYECKIE TOTEPU HE TOJBKO KJallaHa, HO U CUCTEMBI B
IETOM

1
AP=?G2 =8G*, (6.3)
rae S — XapaKTepUCTHKA THAPABIUIECKOTO COMPOTUBIEHUS ydacTKa
cuctemsl, [1a/(xr/a)?,

A
S=A(31+2éj, (6.4)
rae A — yaeabHOe IMHAMUYECKOe laBjieHne Ha ydactke, [1a/(xr/a)?,
A =16,25/108pd". (6.5)

B nienrpasnbHoii EBporie otepu gasienust AP, 6ap, Ha ydyacTke TpyOorpo-
BOJla HAXO/AT 110 aHAJIOTMYHBIM ypaBHeHUAM. OT/In4d1e COCTOUT B IIPUMEHSIe-
MBIX €/IMHUIIAX U3MEPEHUs U B yueTe BJIUSHUA Ha [I0TEPU JaBJIeHUs I/ipaB-
JIMYIECKOTO PEXKUMa TeYeHNsT B IPUCTEHHO obmacTi TpybompoBoza. st yi-
polleHsl PAacyeTOB 9TO BJMSHHUE BLIPAKAIOT IIEPEMEHHBLIM IIOKa3aTeseM
crenienu m [43].

AP=CV", (6.6)
rie C — XapaKTepuCTHKA COTPOTUBIEHST yaacTKa TpyObt, 6ap/(m?/a)™.
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[TpakTiyeckue pacyeTsl OCYIIECTBJISIOT [0 OCPEIHEHHOMY IIOKA3aTeJIio
crenenu. [Ipu ucnosnb3oBanuy craabHbIX TPYO mpuHUMAOT m = 1,9, MeJHBIX —
m = 1,8. bosiee TouHbIe 3HAUECHMS YKa3aHbI B cTaHapTax, Harrpumep, DIN 2440,
DIN 2448. 3navyenus nokasaresi CTETIeHU M B 3aBUCUMOCTH OT MaTepHuajia u
auaMerpa TpyO TIPU M3BECTHOM CKOPOCTH TEIUIOHOCUTEJISI TIPEJICTABJIEHBI B
Tabu. 6.2.

Tabanua 6.2 lNoka3ateAb cTerneHn «M» AASI LMAMHAPHMYECKUX TPYO
Martepuain | [Aunamerp CKOpPOCTb TEIJIOHOCUTEJIST, M/C
Tpy0et | TpyGmr 02 0,5 1,0 15 2,0 3,0
3/8” 1,804 1,861 1,910
1/2” 1,804 1,868 1,910
17 1,829 1,870 1,918
Crainb 11,27 1,879 1,919 1,947
65 MM 1,880 1,923 1,951 1,961
100 mm 1,896 1,920 1,949 1,964
300 MM 1,933 1,953 1,966
10x1 Mm 1,779 1,766 1,771 1,787
18x1 mm 1,738 1,720 1,790 1,810
Menb 1o 4 9 wm| 1,801 1,811 1,862 1,802 1783
5459 MM 1,822 1,792 1,827 1,829

Jliist obecrieueHnsT PeryJInpOBaHUs CUCTEMBI B 33/[AHHBIX MpeJiesiax HeoO-
XOJIUMBI TIPABUJIBHBIN TIOA00P 1 pacuer Kianana. OHAKO Ha TIPAKTUKE 3a4ac-
TYIO PEryJMpyIoline KJIarnaHbl He PaCCYUTHIBAIOT, a TOAGUPAIOT TI0 IUAMETPY
TPyOOITPOBO/IA, HA KOTOPOM UX YCTAHABJIMBAIOT. DTO IIPUBOAUT K YXYAIIECHUIO
4YBCTBUTEILHOCTH PETYIIATOPA, K MOTEPE €ro PeryJmpyromei cnocoGHOCTH.
HauGosiee spkuM nprMepoM sIBJSIOTCS BOAOPa3GOpHbIE KPAHbI TOPSYEH WK
XOJIOTHOM BOJIBI, U3 KOTOPBIX ITPU HE3HAYUTEIILHOM OTKPBITUN BBIXOIUT CHJIb-
Has cTpys Bojbl. /lasbHeiiiee UxX OTKPBITHE HE MPUBOIUT K CYIIECTBEHHOMY
yBesmueHuio. B pesysbrare — 6o riepepacxos BOJbL, MO0 IICHX0JIOTNYeCKast
HEY/IOBJIETBOPEHHOCTD MOTPEOUTEIS.

ITprunHOI 110X0M PabOThI CHCTEMBI B 1IEJIOM MJIH PErYJISITOPOB, B 4aCTHO-
CTH, MOKET OBbITh HEBEPHBINA MOAOOP KJIAMAHOB — JIMIIb [0 TPOIYCKHOI CI10-
cobHoCTU U Oe3 ydeTa U3MEHEHUST IMHAMUIECKUX XapakTepucTuk. OHUM U3
OCHOBHBIX (DAKTOPOB, BAUSIONIMX Ha pabOTy KJaraHa B AUHAMUYECKOM PEsKH-
Me pabOTBI CUCTEMBbI, ABJISIETCST €10 BHENTHUI aBTOPUTET.

IIponycknas cnocobnocms — 0CHOBHAS 2UOPABIUYECKAST XAPAKMEPUCIIUKA
KIanana, Komopas yuumleéaem ezo conpomueienue, c030asaemoe npoxooy
MenIoHOCUMENsL.

IIod6op knanana no nponyckHoLl cnocoGHOCTIL, PACYEMHOMY Nepenady 0as-
JIeHUSL U PACYEMHOMY PACX00Y MENIOHOCUMEILS NPUzOOeH iy Oist onpede-
JleHUS, MUNOPASMEPA KAANAHA U He OMPAKNCAem €20 Pezyuposounyio cnocos-
HOCMb 6 cucmeme.
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6.1.2. BHewHMin aBTOpUTET KAanaHa

M3MeHenne pacxo/ia TeIJIOHOCUTETS KJIaaHOM 3aBUCHT KaK OT €T0 ITPo-
MYCKHOI CIIOCOOHOCTH, TaK M OT Y4aCTKa CUCTEMbI, Ha KOTOPOM KJIallaH BbI3bI-
BaeT N3MEHEHNE IABJICHHS TEIIOHOCUTE/IS, ITOT YYACTOK HA3bIBAIOT PEry.IH-
pyembiM. OH BKJI04aeT TpyGOIPOBOABI C YCTAHOBJICHHBIME MPUGOPaMU 1
obopynoBaHueM. 3a Mpejie/laMi 9TOTO yYacTKa Meperajl AaBJIeHUsT OCTAETCsT
HEM3MEHHbBIM W KoJsiebsercst He Gosee ueM Ha + 10 %. ITpu mpoexTrpoBa-
HUM TEIJIOBOTO MYHKTA TAKUM YYaCTKOM MOJKET SIBJIATHCS JUOO IIETNKOM
cHcTeMa TeIIocHabKeH !, OTOIIEHNS, TOPSTIero BOAOCHAOKEH s, TNO0 OT-
JIeJIBHBIE €€ YaCTH, B KOTOPBIX aBTOMAaTHUYECKN MOAAEPKUBAETCS MOCTOSH-
HbIA mepenan gaBiaeHus. CxeMaTndeckoe M300paskeHHe PEryJnpyeMOro
ydJacTKa ToKa3aHo Ha puc. 6.2.

4 1 3 2 4
g
AP,y APy

' AP

Puc. 6.2. Cxema peryampyemoro yvactka: I — aBToMatmyeckmii peryAsaTop;
2 — py4YHO¥i 6aAaHCHMPOBOYHBIF KAaraH, 3 — OObeKT peryAmpoBa-
HMsI; 4 — BXOA M BbIXOA TEMTAOHOCUTEAS]

[TpencraBienHass cxema CHCTEMBI aBTOMAaTHUECKOTO PETYJINPOBAHI,
COCTOWT U3 PETYIMPYEMOTO 00 HEKTa 1 BBANMOJIEHCTBYIOTIETO C HUM aBTOMa-
THUYECKOTO pPeryJmpyfoliero kianana. Kpome Toro, B IaHHYIO CXeMy BKJIO-
YeH W PY4YHOIl OalaHCHPOBOYHBIN KJIalaH, 3a4acTyl yCTaHABJIWBAEMBbIN B
cucreMe. Taxas cxema COOTBETCTBYET, HAIPHUMeP, CHCTeMe OTOILIEHUS C Tep-
MOPETYJIAITOPaMHU Y OTOMUTEIBHBIX MPUOOPOB U PYUHBIME OaJaHCUPOBOY-
HBIMH KJIallaHaMU Ha OTBETBJICHUSX, MO0 00IMM GalaHCUPOBOYHBIM KJla-
TTaHOM B TEIJIOBOM MYHKTe 3a HacocoM. CXeMa peryampyeMoro yJacTka B
PaBHOM CTEIIEHN MOKET OBITh C OJ[HUM PETYIUPYIONINM OPIraHOM — KJIAlTaHOM
ABTOMATIYECKOTO PETYIISITOPA, IHOO PYUHBIM PETYIUPYIONINM KIATAHOM.

ABTOMATHYECKHH PETYJISATOP — YCTPOICTBO, pearnpyroliee Ha MI3MeHEeHe
PETYIMPYEMOTO TapaMeTpa 00heKTa U aBTOMATHYECKU YIPABJISIONIEE MPO-
I[eCcaMH, BBITTOTHSEMBIMH JIJIST TTOJI/IePsKAHMUsI 9TOTO TTapaMeTpa B OTIpe/iesieH-
HBIX TIPeZiesTax MM J1s N3MEHEHUs €TOo 10 ONpe/ieIeHHOMY 3aKOHY. B oTim-
qrIe OT aBTOMATHYECKOTO PETYIITOPA, PYYHBIM KJIATaHOM OCYIIECTBIISIOT Te
JKe 3a71a4M, HO ¢ TIOMOIIBI0 MAaHUMYJIAINI desmoBeka. /lamee o TeKCTy 711
00601X 9TUX YCTPOUCTB, €CIM WAEeT pedb 00 OOMIMX CBOWCTBAX, IPUMEHEH
TEPMUH "peryupyonuii Kiamas".
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OOBEKT peryIMpoBaHUsl, CIEI0BATENHHO, U PETYJIUPYEMbIH YIaCTOK MO-
JKeT OBbITh Pa3BeTBIEHHBIM. Uepe3 peryJnpyeMblil y4acTOK MPOXOIUT BECh
TEMJIOHOCUTENb CUCTEMbI JINGO €r0 YacTh, Ha KOTOPYIO BO3JEHCTBYET Kila-
nat. [Ipy n3aMeHeHnn pacxoja TEIJIOHOCUTEJIS TTPOUCXOIUT Tiepepaciipeie-
JIEHUE PACIIOJIaraeMoro JIaBJICHUS MEXKIYy KOHCTPYKTUBHBIMHU 3JI€eMEHTaAMU
y4YacTKa, B TOM YUCJIE W PEeTyJUpyoNmM KiarnanoM. 1lo Mepe oTKpbIBaHUS
peTyJIMpYIONIero Kjaanana Ha HeM YMEHbIAeTCs TH/[PABINYECKOe COITPOTUB-
JieHUWe, 4YTO MIPUBO/IUT, B CBOIO OYEPE/lb, K YBEJUUYEHUIO TIeperaa JaBiIeHnus
Ha OCTAJIbHBIX 3JIEMEHTAX YUaCTKa U3-3a YBEJIMUEHUS PACX0/1a TEIJIOHOCUTE-
ai1. Korzia perysiupyioniuii KianaH 3aKpbIBA€TCS, TO B OCTATBHBIX 2JIEMEHTAX
yyYacTKa yMEeHbIIAeTCA MajleHue JaBIeHUs, TIOCKOJIbKY PACXO/l TEMJIOHOCUTE-
JIg CTPEMUTCS K HYJ10. Bee pacniosiaraemoe 1aBjieHue pU 3TOM TepseTcs Ha
peryampyoiieM kiarnade. Takum o6pa3oM, THAPaBINYECKUE XapaKTePUCTH-
KM 3JIEMEHTOB Y4acTKa OKa3bIBAIOT BJIUSHIE JIPYT Ha IpyTa B IIPOIleCce Pery-
JsmpoBanus. PagHocTb aBiieHUs HA PEryJIUPYIONIEM KaraHne He TIOCTOSHHA.
OmHa, KaK 1MpaBuJIo, He paBHA CTATUYECKON PA3HOCTH JIaBJIEHU, 110 KOTOPOI
ero noAGUPAIOT MPU MTPOEKTUPOBAHUK TEILIOBOTO TTYHKTA.

OrTHollleHre 1oTeph JAaBIEHUS HA MAKCUMAJIbHO OTKPBITOM PEryJHpyro-
tieM kiarnane APg[5; 56] K MAaKCHMaIbHO BO3MOYKHOMY Tiepenajty naBiens AP
Ha PETyJIMPyeMOM YYacTKe Ha3bIBAIOT aBTOPUTETOM PeryJIHpYION[ero Kianana

a=Sbs (6.7)

AP
TepmuH "aBTOpUTET KJIanaHa" sBjsieTcs 0OMenpUHATBIM 3a pyoeskom. Ya-
CTO MPUMEHSIIOT TEPMUH "BHENTHUI aBTopuTeT Kiamana" [59]. B orevect-
BEHHON TPAKTUKeE MPOEKTUPOBAHUS TPUMEHSIIN TeEPMIUH "KO3(hMUINEHT Hc-
KaKeHUsT naeasbHoi xapaktepuctukn’ [60], mnbo "Bemmunia coOTHOTIeE-
Hug" [61]. Bo Bcex caydaax ¢usuyeckast CyTb 9TUX IIapaMeTPOB O/IMHAKOBA.

/larHOE ypaBHEHUE SIBJISETCS YaCTHBIM cirydaeM. OHO TIPUTOTHO JINIITh
JTSI KJIATIAHOB, ¥ KOTOPBIX PACYETHBIN PACXO TETJIOHOCHUTENST COBIAZAET C
MaKCHMAaJbHO BO3MOKHBIM. Takoe coBMajieHHe TpHCYIIe PeryssiTopy Tell-
JIOBOTO TTOTOKA (JIJIST CHCTEMBI OTOIITIEHNUST) U PETYJIATOPY TeMIlepaTypsl (71
CHCTEMBI TOPSTIETO BOMOCHAGKEHWST) B TETIOBOM TyHKTe. /{7151 pyduHbIx Ga-
JIAHCHPOBOYHBIX KJIAMIAHOB U PAAMATOPHBIX TEPMOPETYIISITOPOB ATH PACXOIBI
MPaKTUIeCKN HUKOT/IA He COBIAAIOT, & MAKCIMAJIBHBIN pacXo uepe3 HUX B
IIOJIHOCTBIO OTKPBLITOM COCTOSIHMM $BJISI€TCS HeU3BeCTHON BesinuuHoi. Ilo-
9TOMY B [ 5] 10JIydeHbl YPABHEHUST /IJIsl OIPE/eJIeHUsT BHEIITHETO aBTOPUTETA
KJIaTlaHa TIPY PACUYETHOM PacXojie TEIJTOHOCHUTENS, T. €. PACXOJe, KOTOPBIM
OTIEPUPYIOT MIPH MPOEKTHPOBAHN.

BHerrHnMit aBTOPUTET PEryINPYIONIETO KIATIAHA 3aBUCUT OT €T0 THAPABJIH-
YeCKON YIAIEHHOCTH OT HACOCA OO aBTOMATHYECKOTO PETYIISITOPA TIEpernajia
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nasrienus. [Ipumepsl onpe/iesieHnsd BHENIHETO aBTOPUTETA PETYJIUPYIONIETO
KJIaraHa 1pejictaBjeHbl Ha puc. 6.3. Camoe HU3KOe 3HaYeHMEe TAaHHOTO T1apa-
MeTpa y MepBOro 1 BTOPoro kJiarnana (puc. 6.3,a). ITo BBI3BAHO TE€M, YTO pe-
TYJIUPYEMBIM YYaCTKOM [IJIS TIEPBOTO PETYJIUPYIOINIETO KianaHa (1apaMeTpbl
JUIST OTIPeJieJIEHNsT aBTOPUTETA ITOTO KJIaltaHa Ha puc. 6.3 o6o3HavYeHbl WH-
nexcoM "1") gaBJgercs Bes crcTeMa TelIoCHa0KeHN, a /1 BTOporo (mapa-
METPBI JIJIs OIIPeJIeJIEHNsT aBTOPUTETA HTOTO KJIaraHa Ha puc. 6.3 obo3Haue-
HBI HIEKCOM "2") — cucteMa otorienns. ColpoTUBIEHNE YKa3aHHBIX CUC-
TeM 3HAYNTEBHO TIPEBBITIACT COITPOTUBJICHIE COOTBETCTBYIONINX PETYJIUPYIO-
IUX KJIATTAHOB, cyeioBarebHo, @ — 0. [Ipn Takux cxemax moTepu laBjaeHUs
AP Ha perynmpyeMoM yJacTKe IPUHUMAIOT PABHBIMU TIOTEPSIM JIaBJICHUS B CH-
cTeMe, T. €. IABJIEHUIO, PA3BUBAEMOMY HACOCOM.

Jlsist TOTO, 4TOOBI @ — 1, yCTAaHABIMBAIOT PETYJISITOP TIEPETajia JaBJIeHNUS,
OrpPaHMYMBAIOIIUE OOBEKT PEryJIUPOBAHUS C PETYIUPYIONUM KJIATAHOM OT
OCTAJIbHON YaCTH CUCTEMBL. ['DaHUIIBI PeryJIUpyeMoro y4acTKa B 3TOM CJIy-
Yae — TOYKM 0TGOPA UMITYJILCOB JIABJIEHUS PEryJIATOPOM Iepernaja JaBie-
HUS, TIOCKOJIbKY OTHOCUTEIBHO 3TUX TOUEK aBTOMATUYECKH TIOJ/ICPKUBACTCS
MTOCTOSTHHBIN TIepenajl JaBieHnd. [IpuMepbl TaKuX peryanpyemMbIX YYacTKOB
JUIST TIEPBOTO U BTOPOTO PETYJIMPYIONIMX KJIAMAHOB MTOKa3aHbl Ha puc. 6.3,0,B.
Ho, ycranoBka 00111ero perynpyoIero Kianana CUCTEMbI 32 TIEPEMyCKHOI
MIEePEMbIUKOI He IBJISAETCA JYUIIUM IIPOEKTHBIM PEleHueM JIJISE CUCTEMBI OTO-
IJIeHUs [3], TI09TOMY 3TOT KJamaH (BTOPOIl) yCTaHABIMBAIOT [0 MEPENYCK-
HOU nepembruku (puc. 6.3,r).

[loctnyb @ = 1 MOKHO TOJIBKO TIPU TIOTEPAX JABJICHUS HA PETyJIUPYIO-
meM kJanane APyg, paBHBIX TIOTEPSIM JaBICHUS HA PETYJIUPYEMOM y4acTKe
AP. Torza peryaupyonuii KjaanaH eIMHOJNYHO SIBJISIETCSI PEryJIupyeMbIM
YUYACTKOM, a OOBEKT PEryJIMPOBAHUSI BBIHECEH 3a MPEIEIbI HTOTO yUacTKa. B
3TOM CJIydae T0Jay4yaroT 4YacTHoe peltenue ypaBHenus (6.7)

L_AR, AR, _
AP AP,

Ha mpakTuke Takoe pellieHne PeainsyoT IBYMs CIOCOOaMU:
® CTabUIM3KUPYIOT JaBJICHIE HA PEryJUPYIONIEM KJIalaHe MpU TTOMOIIH
peryJsiTopa Iepernaza faapienus. CxeMaTHMYeCcKH 9TO IIOKA3aHO VIS
kianana 1 (puc. 6.3,1);
® [IPUMEHSIOT KOMOMHUPOBAHHBIN KJIAMAH, B KOPIyCe KOTOPOTO KOH-
CTPYKTUBHO OOEITUHEHBI PETYIUPYIONINN KJIATIAH U PETYJISITOP Tepe-
naja gasienus (puc. 2.13,6).
Ocob6EHHOCTBIO OTIPE/IE/IEHUsT BHEITHUX aBTOPUTETOB PEryJUpPYIONNX
KJIAMIAHOB — TPETHEr0 U YETBEPTOTO BOAOPAa3OOPHBIX KPAHOB CUCTEMBI TO-
psiuero BogocHabkeHust (apaMeTpbl KIamaHoB Ha puc. 6.3,11 0003HaYeHbI

1. (6.8)
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Puc. 6.3. OnpeaereHne  peryampyembix

TennoceTb

Yy4acCTKOB: a, 6 — B cucteme orori-
A€HUS C 3aBUCHUMbBIM TTPUCOEAN-
HeHuem, B, I — B CUCTeMe OTOolINE-

HMSI C HE3aBUCUMBIM MPUCOEAM-
HEHUEM; A — B CHCTEME ropsiHero
BOAOCHaOXXeHUs
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ungexkcamu "3" u "4") — gBJSETCSA UX pacyeT O OTHOIIECHUIO MAKCUMAIbHO
BO3MO’KHOTO H30BITOYHOTO JIABJICHUST B HAYAJIE PETYIUPYEMOTO YUaCTKA K 13-
GBITOUHOMY JIABJIEHUIO TIePe/l MAKCUMAJIbHO OTKPBITHIM BOAOPA3GOPHBIM Kpa-
HOM. DTO 00YCIIOBJIEHO TEM, YTO CUCTEMA OTKPbITA U BBIXO/] BOJIBI U3 PEryJIn-
PYEMOTrO y4acTKa IIPOUCXOUT TIPU aTMOC(HEPHOM JIaBJICHUU.

TuapaBinvecKuii pacyeT CUCTEM U MOAOOP PETYJIUPYIONIUX KJIAIAHOB
110 BHEIITHEMY aBTOPUTETY HATJIA/IeH ¥ TIPOCT [IJIs1 MAHUITYJIMPOBAHUS TIOTe-
PAMU JIABJICHUST IPU YPABHOBENINBAHUY TIMPKYJISIIMOHHBIX KOJIel[ U obecre-
yeHust 3(HEKTUBHOTO peryinpoBanust. JITaHHBINA CIOCO0 HAXOMUT IIHMPOKOE
MpUMEHEHNE B KOMITBIOTEPHBIX pacuetaX. OMHAKO MPU 9TOM HE YIEJSAI0T
JIOJIKHOTO BHUMAHUS B3aMMOBJIUSHUIO KJIATIAHOB HA PETYJIMPYEMOM y4acT-
Ke U JIOCTKEHUIO JIMHEHHON 3aBUCUMOCTHU MKy PEryJIUpYIONUM BO3/Iel-
CTBUEM U U3MEHEHUEM PEryJIMpPyeMoro napaMerpa. B HekoTopoil Mepe Takoe
YIIPOIIEHUE JIOMYCTUMO JIJISI CUCTEM C TIOCTOSIHHBIM I'MIPABIMYECKUM PEXKU-
MOM. B cucrtemax ¢ nepeMeHHBIM T'HIPABINYECKUM PEKUMOM aBTOPUTETDI
PETYJIMPYIONINX KJAaHOB U3MeHAI0TC. [IporcXoanT nckaxkenue rujpas-
JIMYECKUX XaPaKTEePUCTUK ATHX KJIAITaHoB. [109TOMY /1151 BeeX KiaraHoB Heob-
XOJIMMO OTIPeReTSITh 3 beKTHBHYI0 padouyio 00IacTh TTOTEPD MABJIEHUS, B
KOTOPOI#i OTKJIOHEHHE MAaPaMETPOB CUCTEMBI OY/IET HAXOUTHCS B KOHTPOJIU-
PYEMBIX JIOIYCTUMBIX TIPEIeJiax.

W3meHeHmre BHEMIHUX aBTOPUTETOB KJIAIIAHOB MOKHO ITPOAHATIM3UPO-
Barh 110 rpadgukam Ha puc. 6.4. IlepBbIM KJIanlaHOM SABJISIETCS TEPMOpPETYJIs-
TOp Ha oTonuTesbHOM nipubope. [loTepu HaBiaeHUs Ha HeM 0603HAYEHDI UH-
JIEKCOM «T». BTOPBIM — TJIaBHbII pyYHOIl OalaHCMPOBOYHBII KJIallaH y Haco-
ca. [Torepu maBiieHust Ha HeM 0003HAYEHBI HHAEKCOM «V2 5,

I'pacduk Ha puc. 6.4,a XxapakTepusyeT COCTOSHIE THPABIUYECKUX TTapa-
METPOB CUCTEMBI OTOIJICHUS] B PACUETHBIX yca0BUgX. [Ipu aToMm oTCcyTCTBY-
10T Kakue-mubo JOTOJHUTEIbHBIE aBTOMATHYECKHE yCTpoiicTBa obecriede-
Hust 3 heKTUBHOI pabOTHI KJIANAHOB, T. €. IPUHSATA CXEMa YCTAHOBKH 110
puc. 6.3,a. B miporiecce 4acTUUHOTO 3aKPbIBAHUSA TEPMOPETYJISTOPOB Y OTOIH-
TeJIbHBIX TIPUOGOPOB KPHUBas 3 3aHUMAET TIOJOKeHUe KPUBOii 4 Ha puc. 6.4,0.
Bospacraioriue motepu aBjieHUs Ha PETyJIUPYEMOM yYacTKe U TIOTEPH JIaB-
JICHUS Ha TEPMOPETyJIATOPax AP, yMEHbINAIOT COOTHOIIIEHUE MEK/Y TIOTePsi-
MU jlaBJieHust APy Ha GalaHCUPOBOYHOM KJIATIAHE U [TOTEPSIMU JIaBIeHust AP
Ha peryaupyeMoM ydactke. CenoBaTesbHO, yMEHBIIATCS BHEITHUN aBTO-
puter 6HaTaHCHPOBOYHOTO KJIanaHa.

Y4uutpiBas, 4TO TEPMOPETYJISATOPBI B MIPOIECCe IKCIIyaTalluN CUCTEMBI
OTOTIJIEHUS HE TOJIbKO 3aKPLIBAIOTCS, HO U OTKPBIBAIOTCS OTHOCUTEJIBHO Pac-
YETHOTO MOJIOKEHUS KPUBOH 3, TO MOKET OBITH MOJTy4YeH TPOTUBOIONOKHBII
PE3yJIbTAT — YBEJIMYEHUE BHEITHETO aBTOPUTETA GATAHCUPOBOYHOTO KJIATIAHA.

106



COBPEMEHHbIE TEMAOBBIE MYHKTbl. ABTOMATUKA W1 PEFYAMPOBAHME M

AP

AP,

AP

APax

AP

AP,
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A\
AP,

AP

APrax

AP,

Puc. 6.4. Mi3meHeHMe noTepb AABAEHMSI HAa KAAMaHax M peryAupyemMom

y4acTKe: a — MpH PacyeTHbIX YCAOBUSX; 6 — MPU HaCTMHHOM 3a-
KpbIBaHMM1 TePMOPEryASITopa; B U I — TO XKe, C y4ETOM BAUSIHUS CO-
OTBETCTBEHHO EPEryCKHOro KAarnaHa W peryastopa nepernaaia
AaBAeHus; 1 — xapakTepucTka COMPOTUBAEHMSI PeryAupyemoro
yuactka 6e3 yyeta COrnpoTUBAEHMS TEPMOPErYAITOpa M OaraHCH-
POBOYHOIo KAanaHa, 2 — XxapakTepucTKa peryasmpyemoro y4acT-
Ka b6e3 yueta CornpoTUBAEHMS TePMOperyAaTopa,; 3 — xapakTepmc-
TUKa COMPOTUBAEHMSI PEryAMPYemoro y4yactka rpu pPacyeTHbIX
YCAOBHUAX (C yHETOM COMNPOTUBAEHUS TeEpMoperyasaTopa n 6asaH-
CMPOBOYHOIO KAarnaHa); 4 — xapakTepucTuka CornpoTMBAEHUs pe-
FYAUPYeMOro y4acTka rpu 4aCTMYHOM 3aKpblBaHMU TePMOPEryAs-
TOpa; 5 — xapakTepucTuka HeEperyasmpyemMoro Hacoca; 6 — xapak-
TEPUCTHKA MepenycKHOro KAanaHa rnpy>xMHHoro tmna; 7 — xapak-
TePUCTHKA MepernycKHOro KaarnaHa MemOpaHHOro Tmna
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Taxum 06pa3zoM, BHENTHUI aBTOpUTET GATAHCUPOBOYHOTO KJIalaHa sBJseT-
Cs1 HETIOCTOSTHHBIM, TAK KaK U3MEHSIETCSI He TOJIbKO MOJIOXKeHUe KPUBOIi 4, HO
U U3MEHsIeTCs Tepenay] AaBJeHs Ha PEryJIupyeMoM yJyacTke. Makcumaib-
HBIIi TIeperiajl JaBIeHUs IIPH OTOM MOKET JIOCTUTATH Hattopa Hacoca AP, Mu-
HUMAJIbHBIH — GY/IeT XapaKTepU30BaTh CUCTEMY MPH MOJHOCTHIO OTKPBITBIX
TEPMOPETYJISATOPAX U HAXOAUTHCS MEKY TOUKAMU [IepecedeHust KPUBbBIX 3 U
2 ¢ xkpuBoii 5. C npakTHYeCKON TOYKU 3PEHUS ITO 03HAYAET, YTO JOBOJIHHO
CJIOKHO PYYHBIM GATTAHCUPOBOYHBIM KJIATIAHOM, HAXOJSIIIIUMCSI B TETLIOBOM
[IYHKTE, HAJAJUTDh CUCTEMY OTOILIEHUSI C TEPMODETYIITOPAMH, TTOCKOJIbKY
Haslajika TpebyeT JUTTENbHOTO TEePUojia BPEMEHU, a THPABINIECKUI pe-
JKUM CUCTEMbI GY/IET U3MEHATHCA.

Hexkoroporo orpanuyeniis [uanazona M3MeHeHUsT BHEIITHETO aBTOPUTETA
GaTAHCUPOBOYHOTO KJIAMIAHA B COOTBETCTBUH € TpadrKoM Ha puc. 6.4,B T0CTH-
raloT IIPU YCTAHOBKE MEPEYCKHOTO KJalaHa Mpy;KuHHOro tuiia (puc. 6.3,B).
Jlyudiuii pe3ysibTaT MOIydaioT IPU YCTAHOBKE EPEYCKHOTO KJIalaHa MeM-
GpaHHOTO THIIA (PerysTopa nepenaa aasiennst) (puc. 6.3,B), 4TO MOKA3aHO
Ha puc. 6.4,r. Ho 1aske B 9THX CJIyd4asix He JOCTUTAETCS MOJTHAS CTAOMIN3AINsT
BHEIITHETO aBTOpHUTETa HAJAHCMPOBOYHOTO KJIAllaHA BO BCEM JMAIA30HE TH]l-
paBinueckux Kosiebanuii cucrembl. Tak, TIPU OTKPBIBAHUU TEPMOPETYJISATO-
POB, XapaKTepU3yeMOM MTPUOIMKEHIEM KPUBOH 4 K KPUBOIL 2, pabodast ToUKa
CHCTEMbI BBIXO/IUT 32 IIPE/IEIbI IPSIMbIX 6 1 7 U IepeMelaeTcs 110 KpUBOu J.
[l usbeskanust HecTaOMIbHOCTH XapaKTePUCTHK PAcCMaTPUBaeMOoro OaiaH-
CUPOBOYHOTO KJIAMIAHA €T0 PA3MEIAOT B UPKYJIAIMOHHOM KOJIbIle OOBSIBKI
Hacoca (puc. 6.3,r) 6o He yeranasiausaioT Boobte. [locneanuii cyyaii jo-
MyCTHM TIPH 003aTeIbHOM CTAOMIM3AIINT TH/IPABINYECKUX TTAPAMETPOB TeTl-
JIOHOCUTEJISE Ha CTOSKAX JIMOO MPUOOPHBIX BETKAX CHUCTEMbI OTOIIeHUs. B
ATOM CJIy4ae aBTOMATHYECKUE PErYJSITOPbI COATAHCUPYIOT CUCTEMY OTOILIE-
HUST, KOMIIEHCUPYsI CBOUM COIIPOTHBIJIEHUEM U3JIHIITHEE JaBJIeHne Hacoca.

Pezynupyemoiii yuacmox onpedeasem panuipl pacnpocmpanenus Koaeba-
HUst 0agieHust MenioHOCUMEsl, BO3HUKAWezo npu pabome kianana. Om-
HOweHue nepenaca 0asieHust Ha MaKCUMAIbHO OMKPLUMOM KIANAHe K Pac-
nOIAZAeMOMY 0ABIEHUIN) PE2YIUPYEMO20 YUACTIKA HASLIBAIOM (8HEUHUM)
asmopumemom Kianamd.

B npouecce pabomwt cucmemot obecneweniis MUKPOKAUMAMA ABMOPUMENbL
PeYIUPYOUUX KLANAH08, 8 MOM UUCIE U PYUHDLY, USMEHIIOMCSL.

Oepanuvenust usmereHus: OUANA30HA BHEWHUX ABMOPUMEMO8 Pe2yIUPYIO-
WUX KIAnamog 0ocmuzaiom YycmanoeKoi agmomMamuieckux Oaiancuposoy-
HbIX KIANAHO8 — Pezyisimopos nepenaoa 0asieHus oo ozpanuiumenet
(pezyrsimopos) pacxoda.
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6.1.3. PacxoAaHas xapaKTepucTUKa ABYXXOAOBOIO KAAnaHa

YacTb mepenaia 1aBJeHusT PeryJupyeMoro yaacTka TepsieTcst Ha pery-
JgupyionieM Kianane. OHa U3MEHSIETCS B MIPOIlECCe PETYJIUPOBAHUS TIPU T1e-
peMeleHny 3aTBopa KJanaHa. B aTo jke BpeMst UBMEHSIETCS U TIPOTTYCKHAs
CII0COOHOCTH KJIalaHa. B KOHEYHOM cueTe, POIYyCKHasT CIOCOOHOCTD Pery-
JIUPYIONIEro KJallaHa 3aBUCHUT OT Tieperaia JaBJIeHWsT Ha HeM, PacIoJioxKe-
HUSI 3aTBOPA KJIANIaHA M COOTHOIIEHUS TIOTEPH JIABJIEHUS B PETYIUPYIONIEM
OTBEPCTHH TIOJHOCTBIO OTKPBITOTO KJIalaHa K TIOTePsIM JIaBJIeHUs Ha PETyJIu-
PYEMOM ydYacTKe. DTy B3aMMOCBSI3b HAa3bIBAIOT MMPOITYCKHOM XapaKTePUCTH-
KO KJIaTmaHa.

IIponyckHas (pacxoaHas) XapaKkTepUCTUKA KJamaHa — 3aBUCUMOCTD
MEJKLy OTHOCUTETBHOU MPOIYCKHOM CTOCOOHOCTHIO U OTHOCHUTEIBHBIM I1e-
peMeleHreM 3aTBOpa KJalaHa Mpy U3MEHEHUH pPacTIpe/ie/ieHus JaBIeHUs
MEXKy PETYJUPYIONUM OTBEPCTHEM W PETyJIMPYyEeMbIM y4acTKoM. B Tom
cJIyJae, ecJid Ha PEryJIUPYIOIIeM OTBEPCTUH TEPSIETCS BCE JIaBJIeHUE PETYJIU-
PYEMOTO y4YacTKa, TPOIYCKHYIO XapaKTEePUCTUKY KJalaHa Ha3bIBAIOT WJie-
aJbHOI (BHYTPEHHEI) pacXoaHON XapaKTepuCTUKOi. [1pu m00bIX APYTUX
COOTHOIIIEHUSIX — paboyeil (IKCILIyaTallMOHHOI) PacXOIHON XapaKTepuc-
TUKOM KJanaHa. Bce 5TW XapakTepUCTUKHU MPE/ICTABISIOT 3aBUCUMOCTD OT-
HocuTesbHOTO MaccoBoro G/Gygg mbo obbemuoro V,/Vigg pacxoma, %, ot
OTHOCHUTEJILHOTO TI0IbeMa 3aTBopa Kianaxa i,/hyog, %.

Kirananel KOHCTPYUPYIOT MO 3aKOHAM HICAJIbHBIX PACXOHBIX XapaKTe-
PUCTHK, KaKJIOMY BHUy KOTOPBIX COOTBETCTBYET OTpeiesicHHast ¢hopMa 3a-
TBOpa KJamaHa (3a py6eskoM IPUMEHSTIOT TePMIH "KOHYC KJamaHa"). 3aTBOp

Puc. 6.5. Mpodpman 3aTBOpa KAANaHa AAsl XapakTepuCTHK:
a — AMHENHOK; 6 — AorapugpMmu4eckori; B — napaboAMHeCKOH,
I — AOrapmmm4ecko-AMHEHON
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KJIAllaHa U3TOTABIMBAIOT CILIOMIHBIM C BHEIIHUM MCKPUBJIEHUEM, YTO MOKA-
3aHO B BepXHell yacTu puc. 6.5, 1100 MOJIBIM ¢ TPOPE3SIMU WA OTBEPCTUSIMU
Ha TIOBEPXHOCTH, YTO TIOKA3aHO BHU3Y ITOTO K€ PUCYHKA.

Wneanbible pacxo/iHble XapaKTePUCTUKU KJIAIAHOB C PA3JIMYHBIMU IIPO-
busimu 3aTBOpOB 1pecTaBiIeHbl Ha puc. 6.6. Bece onn nepecekaioT ocb op-
JIUHAT HECKOJBKO BbIIIE

G/G100,%
HYJIEBOTO Ppacxojia. IJTO
/ BBI3BAHO TEXHOJIOTUYeC-
80 // / KUMHU U TUAPABINYECKU-
/ MU IIpUYMHAMU, YCJIOXK-

HSTIOMIMMK  PETYJIUPOBaA-
Hue B o0mactu OIU3KOI K
/ MOJTHOMY 3aKPBITHIO KJIa-
nana: JoTOM pe3bObI
HIMUH/Es], TePenajoM
2 JIABJICHUST C PA3HBIX CTO-
pPOH 3aTBOpa KJallaHa,
dopmoil  1TOBEPXHOCTHU
40 60 80 A/l % B3aTBOPA KJamaHa u T. J1.
g xaxmoit KOHCTPYK-
[UU KJIAllaHa 9Ty 00J1acTh
MUHUMUZUPYIOT, 9TOOBI
He JIOMYCTHUTD TIOTEPU pe-

60 1 /
7

yay;
A
v

40

N,

AN

v
4
20 7

=
0

0 2

Puc. 6.6. MaeaabHble pacxoAHble XapakTepuc-
TUKM  PETYAMPYIOWMX  KAAMaHoB:
1 — AuHefiHas; 2 — Aorapmgmmyec-

Kas; 3 — napaboAndeckas; 4 — AOra- vy iyupyemMocTH.
PUMUYECKO-AMHENHAs, 5 — AnHed- [podunn 3aTBOPOB
HO-AMHEMHasA Ha puc. 6.5,a B ujeanb-

HBIX YCJOBUAX CO3[AIOT JUHEHHYIO 3aBUCHMOCTD MEXK/Y OTHOCHUTEIbHBIM
XOJIOM IIITOKA ¥ OTHOCUTEJBHBIM PACXO/IOM, U300pakeHHYy0 JuHuei 1 Ha
puc. 6.6. B abcoMOTHBIX KOOPMHATAX JIMHEHHAsT XapaKTePUCTUKA, CO3/[aBa-
eMasi IVIOCKUM 3aTBOPOM, OTJINYAETCS OT XapaKTePUCTUKH, CO3/[aBAEMON T10-
JIBIM 3aTBOPOM € TIPMOYTOJIbHBIMU OTBepcTugMu (okHamm). IlepBas kpyue
BTOPOIi. IIpsiMoyTO/IbHBIE OTBEPCTHS TOJIOTO 3aTBOPA KJallaHa, TOKa3aHHO-
ro Ha HUXKHEN YacT puc. 6.5,a, MO3BOJISIOT TOUHEe PEryJrupoBaTh Pacxo[
TETJIOHOCUTEIS.

KpuBosnseiinpiii mpoduib 3aTBopa Jub0 KPUBOJUHENHbIE OTBEPCTHS B
MOBEPXHOCTH MOJIOTO TIUJIMHAPUYECKOTO 3aTBOPA, U300paskeHHbIe Ha puc. 6.5,0,
MIPU UICAIBHBIX YCJIOBUAX CO3/IAI0T JIOTApU(PMUUECKYIO B3AMMOCBI3b MEXK-
JIy OTHOCHUTEJIbHBIM XO/IOM MITOKA U OTHOCHUTETIBHBIM PACXO/IOM. JTOI B3au-
MOCBS$131 COOTBETCTBYET KprBas 2 Ha puc. 6.6. [Tpu sorapudmmyeckoii xapax-
TEPUCTHKE TIepeMellieHre 3aTBOPa KJlalaHa Ha OIMHAKOBYIO BEJIMYMHY 3 JIO-
GOro HAYAJIBHOTO MOJIOKEHUS 00ECTIeYnBAET TIOCTOSHCTBO 0N U3MEHEHsT
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pacxojia TEIIOHOCUTEJS OTHOCUTEIbHO HAYa/IbHOTO 3HaueHud. Eciu yxa-
3aHHYIO [IOJIIO0 BBIPAXKAIOT B IIPOIIEHTAX, TO 9Ty XaPAKTEPUCTUKY HA3BIBAIOT
PaBHOITPOIIEHTHO.

[IpomeskyTouHOI MeXR/y UjleaIbHON JIMHEWHON U U/leaibHOM Jiorapud-
MUYECKOI XapaKTEPUCTUKON SIBJSIETCST UlealbHast mapadoImyecKast Xapak-
Tepuctuka (kpuBag 3 Ha puc. 6.6). Ee mosyyaioT 1pu 1oJioM 1uanHipudec-
KOM 3aTBOpE C KPUBOJIMHENHOI Tpope3bio (puc. 6.5,8).

CoueTranue pa3anyHbIX Mpoduseil B 3aTBOpe KJanaHa JaeT COBMEIIECH-
HbIE€ PACXOJIHBIC XapAKTEPUCTUKH, HAITPUMEP, JOrapudMUUecKO-JNHEHHYIO.
Eit mpucynu yepthl jorapudMudecKoil u JIMHENHOM XapaKTEPUCTUK B 3aBU-
CHMOCTH OT BBICOTBI MO/bEMa 3aTBOPA KJIAMaHa, YTO OTOOPAKEHO KPUBOI 4
Ha puc. 6.6. g Tako# XapaKTepUCTUKU U3TOTABJINBAIOT YKOPOUEHHDI 3a-
TBOP C HETIOJIHbIM JIoraprudMudeckum rnpoduiem moBepxHoctu (puc. 6.5,r).
Jlorapudmudeckas XapakTepuCTUKA TIPOSIBJISIETCA O] BJUSHUEM KPUBOJIU-
HENHON MOBEPXHOCTH 3aTBOPA KJIAIIAHA, a INHEWHAsk (hOPMUPYETCS eT0 HUXK-
Hel 4acThio, KOTOpas MOXKET ObITh MO0 TIOCKOH, TMGO HECKOIBKO BITYK-
Joi. K KoMOMHUPOBaHHBIM XapaKTEPUCTHKAM OTHOCSIT TAK/KE JIMHEHHO-JIU-
HeliHyio — KpuBas d Ha puc. 6.6. Ee mosydaior npu coyetaHuy JUHENHbIX
npouieii 3aTBOPOB.

Ha puc. 6.6 nokasanbl ujeajsbHble pacXo/Hble Xapakrtepuctuku. OHu
MOTYT OBITH MOJIYYEHDI TOJILKO MTPU HJIEATBHBIX YCIOBUSIX, KOT/IA BCE PACIIO-
JlaraemMoe JIaBJIeHHEe PeTryJINpPyeMOoTo y4acTKa TepsAeTcs B PeryJIupyIoieM OT-
BepeTUn Kiaamana. s 9Toro Heo0XoauMo, 9To0bl JaHHbI K/IanaH ObLI He
TOJIBKO €IHHCTBEHHBIM YCTPOHCTBOM PEryJIUPYyEMOro Yy4acTKa, HO M 4TOOBI
COIPOTHUBJIEHNE KOPITyCa KJIalaHa ObLIO HYJIEBBIM. B peabHBIX YCIOBUSIX
ATO BCTpevaercst KpaiiHe peako. HekoTopbiM npubavsKeHueM sBISeTCs BO-
NOpasboPHBIi KPaH CUCTEMBI BOZIOCHAOKEH S, YyCTAHOBIEHHBII Cpasy 1mocye
Hacoca, a0 PEryJupyoNil KIanaH ¢ aBTOMATHYECKUM TIOJJIEPIKAHIEM
nepenazia gasaenns Ha Hem. CamMbiM GJIM3KMM K WJeaIbHOI pacxoHoil xa-
PAKTEPUCTUKE SIBJISIETCS] KOMOMHUPOBAHHBIN PETYJIUPYIONINI KJIAIaH ¢ pe-
TYJISITOPOM TIeperajia JIaBJieHus B OJIHOM KOpITyCe.

B nHIKeHEepHBIX cUCTeMAaXx 3/[aHnil HauboJIbIee pacpocTpaHeHUe IOy -
YUJIW KJIATTaHbl ¢ JJUHEHHOU U jjorapudMudeckoil (paBHOIPOIIEHTHOI) Xa-
pakrepuctukoii. [llupe HauMHAIOT NMPUMEHSTH KJANAHBI C COBMEIIEHUEM
3TUX XapaKTePUCTUK. [Ipu 3TOM HEPEZKO HA OJJHOM PEryJupyeMOM y4acTKe
YCTaHABJIMBAIOT Pa3JIMUHbIE KJIAMaHbl 63 yueTa X PacXo/[HbIX XapaKTepuc-
TUK ¥ BO3HUKAIOIIETO HECOOTBETCTBUA NEKJIAPUPYEMON TTPOU3BOAUTEIEM
MPOITYCKHOU criocoOHOCTH. TaKoil MOAXO0/ OTPAKAETCsT Ha KAUeCTBE PETYJIH-
POBAaHMS U MOXKET IIPUBECTU K HAPYNIEHUIO ONITUMAJIBbHOTO YIIPABJICHUS CH-
CTEMOI1, 2 B HEKOTOPBIX cilydyadx — K norepe peryaupyemoctu. [lostomy pac-
CMOTPUM TIO/[pOOHEE W/IeaTbHBIE PACXO/IHBIE XaPAKTEPUCTUKU KJIAMAHOB U
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orpesieSInM ux geopMaIiii, BO3HUKAIONIUE TPU U3TOTOBJICHUH KJIAIIAHOB U
MIPU UX YCTAHOBKE B TEIIJIOBOM ITYHKTE.

Dopma 3ameopa pezyiupyouezo KIanana coomeemcmeyem sudy uoeaib-
HOU PACXOOHOU Xapaxmepucmuxi.

s asmomamusupyemori uniIcenepHoll cucmemvt 30anus noddupaom pe-
yaUpyowUe KIanamvl ¢ Yuemom ux padouetl pacxooHol Xapaxmepucmu-
Ku.

6.1.3.1. AuHeitHas paboyast pacxoAHasi XxapakTepucTuka

JluneliHy0 paboUuyI0 PACXOAHYI0 XapaKTEPUCTUKY UMEIOT Peryanpyo-
1TFe KJIaraHbl, TpejicTaBIeHHbIe Ha puc. 6.7. B BepxHeM psijly MMOKa3aHbl aB-
TOMaTUYECKUE PETYIUPYIONNeE KJIATaHbl, B HIDKHEM — Py4YHbIe. 3a9acTyio B
KayecTBe JIBYXXO/OBBIX KJIAMAHOB MPUMEHSIIOT TPEXXOJIOBbIE KJIATTaHbl C 3a-
TJIYIIEHHBIM TIEPIIEHINKYJISIPHBIM TIPOX0/IOM. B 3aBUCHMOCTH OT THTIA KJla-
[aHa ero MPOX0Jl MOKET OBITh TIEPEKPHIT B IIpoliecce (hOPMUPOBAHUST KOPITY-
ca KJyanaHa, 1100 3aryIyIKoil. PacXoiHyto XapaKTepUCTHKY TaKUX KJIallaHOB
OIIPEIENISIOT TI0 IpsIMOMY TIpoxoiy (mogpobHee cm. B 1. 6.1.4). JluHeiinyto
pabouyio XapakTePUCTUKY MOTYT MMeTh TakKe KOMOWHUPOBaHHbIE KJIara-
Hbl, Haripumep, — AB-QM [5].

VS2 (d, = 15) MSV-| USV-I MSV-F2 (d, = 200...300)

Puc. 6.7. Peryampyioume KaanaHbl C AMHEMHON PACXOAHOM XapaKTepUCTUKOM

OTIMuUTeIbHOM 0COGEHHOCTHIO KJTAlaHOB GOJIbIINX AuaMeTpoB MSV-F2
(dy =200...300) siBaisieTcs TO, 4TO s oOeciederHus: crabuabHOCTH UX pabo-
TBI 3aTBOP BBIMTOJTHEH TOJBIM C TIPSIMOYTOJBHBIMUA OKHAMU (CM. HYKHIH
puc. 6.5,a).

Y kyanaHoB ¢ JMHEWHOW PacXOHON XapaKTEePUCTUKON TTPU MIeaTbHbIX
YCIIOBUSIX COOJTIOIAETCS 3aBUCHMOCTD MEK/IY PACXOJIOM BOJBI U XOJIOM IITOKA
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AV _AG_
I/100 GIOO thO

rae: Vigo 1 Gigp — MAKCUMAJIbHO BO3MOMKHbBII COOTBETCTBEHHO OOBEMHBIIA,
M3 /4, 1160 MacCOBBIM, KI'/4, PacXojl BOJbI Yepes KJamnaH; /g — MOJHOE Ie-
pemerienre (X071) MTOKA KJIanaHa, MM; ¢ — KO3(hUITUEHT TTPOMOPIIMOHAIb-
HOCTH.

3aBucumocTth (6.9) crmpaBeamBa MpPU TTOTHOM BHEITHEM aBTOPHUTETE
kianana at = 1 (Bce pacrojiaraeMoe JIaBJieHne PeryJnpyeMoro yuacTka Te-
psieTcst B peryJupyiorieM oTBepcTun). Bo BceM puanazoHe Xo/a MITOKA €ro
OTHOCHTEJIbHOE TiepeMeltiieHue Ah/f) IPUBOIAUT K PABHOMY OTHOCHTE b~
HOMY u3MeHeHuto pacxona AV/Vqg. OiHaKo JaHHAs TPONTOPIINS HApyIIaeT-
CsI ¢ yMEHbBIIIEHUEM MTOJTHOTO BHEITHETO aBTOPUTETA KJIallaHa.

B peasbHBIX YCJIOBUAX MTPU BhIOOPE KJlamtaHa 6e3 yueTa aBropuTera (hop-
Ma €TO PACXOJHON XapaKTEPUCTUKU OTJIMYAETCS OT TPEAOCTABIEHHON MPO-
usBojuTesneM. Tax, ecyii 3aTBOP PETYJIUPYIONIEro KIamaHa yCTaHOBJIEH B T10-
noxenue Ah/higy = 0,6, To usmenenue pacxoza npu at = 0,3 cocrasisier
100(0,8 — 0,6)/0,6 = 33 % (cm. iuHuN U3 ToYek Ha puc. 6.8). CiemoBaresn-
HO, JTAHHBIN KJTallaH BBI30BET TepepacipesiesieHue MOTOKOB B CUCTEME U He
Oyner obecrieunBarh 3G dEKTUBHOI paboThl 06beKTa peryaupoBanus. Ero
HEOOXOMMO JIOTIOTHUTEIBHO HACTPauBaTh MPU Haslajike cucrteMbl. OpHaKO
9TOT0 MOKHO M30eKaTh, BBIOPAB KJIallaH ¢ y4eTOM aBTOPUTETA.

: (6.9)

VIVioo [ —F
02 //////
08 ///
T
NV ANZ:
//_ / ~a =10
VAV
87
i/
/ / Ah/hgy
0 02 04 06 08 hih 10

Puc. 6.8. AuHeliHas pabouas pacxoaHas XapakTepucTiKka KaanaHa
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Pacxoznble XxapaKTepuCTUKN KJIAlTaHOB MOTYT OTJINYAThCS OT HIeaTbHbIX.
B Takom ciydae peryJmpoBaHue TPOUCXOUT 10 1e(hOPMUPOBAHHOMY JIMHEH-
HOMY 3aKOHY JlaKe TIpU BHelltHeM aproputete @ = 1. Jljist srydiiero nonnmManus
JIAHHOTO YTBEP/KIEHUST HEOOXOAUMO YCJIOBHO PA3/IEJIUTh COMPOTUBIICHUE KJTa-
T1aHa Ha J[Be COCTABJISIONINE: COIIPOTUBIJICHUE PETYJINPYIONIEro OTBEPCTHS 110/
3aTBOPOM KJIallaHa M COIPOTUBJICHUE OCTATIbHON YacTh KaHaja /Ui TPoXo/a
TETJIOHOCUTEJISI BHYTPHU KOpITyca KJaraHa. VeanbHpie yCJ0BUS HACTYTIAT TO-
IJ1a, KOTJIa BTOPOe COCTaBJisiioliee OyzeT paBHO HYyJ0. [mjpaBimdeckoe co-
MIPOTUBJICHUE KOPITyca KJallaHa MOXKHO WHTEPIIPETUPOBATH COOTBETCTBYIO-
UM COIPOTUBJIEHUEM YYacTKa TPYOOIPOBO/A, KOTOPOE CO3/AET TEPBOHA-
YaIIbHYI0 lechopMaITnIo NIeaIbHON XapakTepucTuki. [IpruMenenHbIi oaXoz B
TU/IPaBJIMKe Ha3bIBAIOT METO/IOM 9KBUBAJIEHTHBIX JINH. [loaTomy rujpasinye-
CKHME XapaKTePUCTUKU PETYJIUPYIONNX KJIATaHOB (KPOMeE KJIATIAHOB € HYJIEBbIM
CONIPOTUBJICHUEM B MAaKCUMAJIbHO OTKPBITOM TIOJIOKEHUH ), TIPE/IOCTABIISIeMbIE
MTPOU3BOJIUTEIISAMH, YK€ UMEIOT UCKA)KEHUE UICIbHOTO 3aKOHA PEryJIMpOBa-
HUs, KOTOPOE XapaKTePU3yIOT GA30BBIM aBTOPUTETOM. A BHENIHUI aBTOPUTET
crocoGCTBYeT AaibHediei reopManuy pacxoiHol XapakTepucTuku. Peasb-
HOE MCKasKEeHHME PACXOHOM XapaKTEPUCTUKHU KJIallaHa IIPOUCXOAUT TIO/ BIIWS-
HUEM TOJHOTO BHEIIHETro aBTOPUTETa ', KOTOPBIN yYUTHIBAET COBMECTHOE
JleiicTBre HaYa/IbHOTO MCKa)KeHUsT 1 MCKaKeHUs OT BHEIIHEr0 aBTOPUTETA:

a” =aga, (6.10)

e ag — 6a30BbIi ABTOPUTET KJIATIaHa; @ — BHENTHUI aBTOPHUTET KJjalaHa.

B cymectByloleil mpakTuke MpoeKTUPOBAHUSI CUCTEM YacTO IIPUHUMA-
10T nepBoHavaibHy0 (6a30BYI0) PACXOIHYIO XapaKTEPUCTHUKY KJallaHa,
MpeIoCTaBIIeMylo IIPOU3BOIMTEEM, KaK HauyaJbHYIO TOYKY OTcueTa Jist
JaJibHENIIIero onpezeseHus ee geopMaiuy o AeiicTBUeM BHEITHETO aB-
toputeta. OnHako 6a30B0e UCKAKEHME ATON XapaKTEePUCTUKU YIKe CaMO 1O
cebe OTIMYaeTCss OT WeaTbHOM PACXOAHON XapaKTepUCTUKU U PA3TUIHO Y
KaykK/I0TO KJIaliaHa, uTo yCaoxkHseT 060biieHne (ompeieseHe peKoMeHye-
MOTO JiMalia3oHa BHENIHEero aBTOPUTETAa) /IS THAPABJIMYECKUX PacyeToB.
[Ipumepom MOTYT GbITH PasHOOOPasHble KOHCTPYKIIMU KOPITYCOB KJIAAHOB:
C NEePIEHINKYJISIPHBIM K ITOTOKY IIITOKOM, C KOCBIM IIITOKOM, CO IIITOKOM BHY-
TPH MIAPOBOTO KpaHa... ['opas/io npakTuuHee 3a HAYJI0 oTcueTa jehopMaIn
PacXO/IHBIX XapaKTepUCTHK KJIAIIaHOB IIPUHSITH €ro 1ealbHyl0 XapaKTepuc-
tuKy. Torza Bce KOHCTPYKIMU KJITAMAHOB MOKHO 00OOIIUTD MATEMATHYECKH.

Bymsinne moTHOTO BHETITHETO aBTOPUTETA HA 3aBUCUMOCTD OTHOCUTETh-
HOTO Pacxo/ia OT OTHOCUTEIbHOIO X0/1a 3aTBOPa KJallaHa ¢ JIMHEeHHOH Xapak-
TepUCTUKON nMmeeT BU [43]:
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(6.11)

Ypasuenue (6.11) B [43] ocHOBaHO HA TIOHATUHM ABTOPUTETA KJANlaHA,
KOTOpOE 110 (PU3NYECKOH CYyTH B IIOJTHON Mepe COOTBETCTBYET TIOHATHIO TI0JI-
HOTO BHEIIHEr0 aBTOPUTETA, PACCMAaTPUBAaEMOMy B HacTostiieil pabore. Ilo-
9TOMY Bce ypaBHeHUs U3 [43] npeobpasoBaHbl ¢ y4eTOM pasrpaHHMYEHUN B
MPUHSATON TEPMUHOJIOTUH.

[IpuBesienHoe BbIlIEe ypaBHEHUE MOKHO TPUMEHSATH /I PA3HBIX TUIIOB
KJIATIAHOB — aBTOMATUYECKUX W PydHbIX. OIHAKO HEOOXOIAUMO YUUTHIBATD
ocobenHocTr UX noadopa u paboTel. Tak, aBTOMaTHYECKUE KJIATIAHbI, TIPUMe-
HsIEMbIe B TEIIOBBIX MYHKTaX, PabOTAlOT BO BCEM JMAIA30HE XOJa IMTOKA.
[ToaGuparoT UX 110 PACUYETHOMY PACXOJLY TEIJIOHOCUTEJISI B MAKCUMAJBHO OT-
KPBITOM TIOJIOKEHWH, T. €. PACYETHDIM pacxo/l yepe3 KJalaH paBeH MaKCH-
MaJbHOMY. PyuHbIe KJanmaHbl TOAGUPAIOT MO PACXOAy TEIJIOHOCUTENS B
MTPOMEKYTOYHOM TIOJIOKEHUH TIITOKA U 3TOT PACXOJI, KaK IIPABUJIO, HE PaBEH
MakcuMasibHOMy. [ToaToMy /it PyYHBIX HalaHCHPOBOYHBIX KJIATIAHOB HEOO-
XO/IMMO TipeoGpasoBbiBaTh hopmyary (6.11).

Hacrpoiiky peryampylomnero kjiamnaHa ¢ pe3bOOBbIM IIITHHAEIEM OCY-
IECTBJAIOT TIyTeM ero Bpatienus. OTcuer 060pOTOB HAUMHAIOT U3 MOJIOKe-
HUST «3aKPbITO». Tak Kak pe3b0da IIMMHIES] PABHOMEPHASL, TO €r0 MOJIHDIN
HozbeM fiqgp MPOMOPIIMOHATIEH MAKCUMAIbHON HACTPOIKE KJATAHA 7,y
ITOT MapaMeTp ABJSAETCS TEXHUYECKOM XapaKTePUCTUKON KJlallaHa U yKa3aH
npousBojuTeseM. [IPOMERYTOUHOMY MOJOKEHUIO IIMUH/IEAST A COOTBET-
CTBYeT IIPOMEXKYTOUHas HacTpoiika n. Torma, 3amenus B hopmyie (6.11) or-
HotteHue h/fqgy Ha 1/ My, TOJYYUM yPaBHEHME HACTPOIKU PYYHOIO pery-
JINPYIONIETro KJIanaHa

(6.12)

W3 ypasuenus (6.12) cienyet, 4to HacTpoiiKa KJlallaHa 3aBUCUT He TOJIb-
KO OT pacxo/[a, HO ¥ OT TTIOJTHOTO BHETITHETO aBTopuTeTa. [Ipr maea bHBIX yciio-
Busix (a* = 1) ypasuenne (6.12) nprobperaer JUHEHHYIO 3aBUCUMOCTD (6.9).
3HaHMe TTOJTHOTO aBTOPUTETA KJIallaHa Ha CTAANHN TIPOEKTHUPOBAHUS TTO3BOIIST
M3HAYAIHHO BLIOMPATDH KJIATAH, MO3BOJSTIONINH OCYIECTBIATD PETYIUPOBKY
BO BCEM JIMana30He X071 IITOKA.

Pacxon Vigg ompenensior pacueTHbiM crtocobom. CoBmajieHne sToro
pacxo/la ¢ PacyeTHBIM ABJISIETCS YAaCTHBIM ciydyaeM ypaBHenus (6.12),
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KOT/ZIA 1 = Nppax. 1 aKOE TIOJIOJKEHUE KJIallaHa He MTO3BOJISIEeT yBEJIMUNBATD T10-
TOK TersioHocuTedis. [Ipu aToM BecbMa MaJlOBEPOSATHO PABEHCTBO Tieperiajia
JIABJICHUS, CO3/IAaBAEMOT0 MaKCUMATBHO OTKPBITBIM PETYJIUPYIONTUM KJlama-
HOM TIPY HOMUHAJIBHOM PacXo/ie, ¢ MeperajioM JaBJieHnst, KOTOPbIii Heo6Xo-
JIIMO TIOTEPSITh HA HEM [IJIsl PeryJIMpoBaHus cucteMbl. M3-3a orpannyeHHoO-
CTH BBIGOPA THAPABINUYECKUX XaPAKTEPUCTUK TPYyOOTIPOBOIOB, TH/PABJITYE-
CKMX XapaKTEePUCTUK KJIAaHOB B MAKCMMAJIBHO OTKPBITOM MOJIOKEHNH, Pa3-
BETBJIEHHOCTH CUCTEM W MHOTOTO JIPYTOTO B OOJIBIIUHCTBE CJAYYaeB IIPHMe-
HAIOT GaTaHCUPOBOYHbIE KJIAMAHBI ¢ YCTAHOBJIECHHON MpeIBAPUTENLHON Ha-
crpotikoii. Torma pacxon Vigg u pacxon Vy He coBnazaior. ['paduyeckoe mo-
SCHEHUE 3TOTO MMOKa3aHo Ha puc. 6.9.

Perysnupyemblii yyacTok, paccMOTpeHHBI Ha puc. 6.9, pacrososken
MEeX/y TOYKaMu 0TGOpa MMITYJIbca JABJIEHUS MEPEeyCKHBIM KJIAIaHOM MO
cxeme Ha puc. 6.3,0. [laBiieHue, OAAEPKUBAEMOE TAHHBIM KJIaraHoM AP, siB-
JIETCS pacrojiaraeMbIM /I cUCTeMbl oTotieHus. [1o HeMy yB43bIBaIOT pe-
rysupyembie yaacTku. [ToTepu aBIeHus PeryInpyeMoro yuyactka 6e3 yuera
MoTePh JaBJIeHNsT Ha GaJaHCUPOBOYHOM KJanane obosnadens AP . Creno-
BaTeJIbHO, MOTEPH JIaBJEeHUsT Ha GAlTaHCUPOBOYHOM KJIATIAHE JOJIKHBI CO-
cTaBasiTh APy = AP — AP . Tax Kak CJIUIITKOM MaJjia BEPOSITHOCTH COBIIA/IEHUST
3TOI Pa3HOCTHU JIABJIEHUS C CO3/1aBa€MOIl MAKCUMAaJbHO OTKPBITBIM KJlalla-
HOM, KJIallaH TIPUXO/IUTCS HACTPauBaTh. Toraa morepu JaBjaeHUs Ha KJama-
He 11es1eco0OPa3HO Pa3/IeUTh Ha JBa CJaraeMbIX: IOTepH AaBieHust APg xa-
pakTepusyeMble KOHCTPYKTUBHBIME OCOOEHHOCTSIMU MYTH TIPOTEKAHUST TeTl-
JIOHOCHUTEJII BHYTPHU TIOJHOCTBIO OTKPBITOTO KJallaHa, W MOTepu JaBJIeHUS
AP,,, BO3HUKAIOIIE BCJEACTBUE MEPEMEIIEeHNS TITOKA ¢ MAKCUMAJIbHO OT-
KPBITOTO TIOJIOKEHUS 10 TOJI0KeHust TpebyeMoil HacTpoiiku. [Torepu APy
6ap, OIPEEIISIOT TI0 MAKCUMAILHOI TIPOITYCKHON CITOCOOHOCTH KJtaraHa Kyg,
(M?/4) /6ap®?, 1 HoMuHAIbHOMY (pacyeTHOMY) pacxomy Vy, M3/u:

W

vs +2 .
kvs

(6.13)

Pacxon tenmonocurenst Vygg, M3/4, onpenessiioT 1Mo mnepernajam JaaBie-
nust AP, APys u AP, Gap, Ha kiamane (PacCYUTAHHBIX 110 HOMHHAJIbHOMY
pacxony Vy, M?/4) 1 MaKCHMaIbHOMI IPOIYCKHON CIOCOOHOCTH KIamana Kys,

(v/4)/Gap:

APAP
Vi =k [|[———. 6.14
100 Vs AR)S +AP7 ( )
Torma
Vo) __ AP (6.15)
Vy AP, +AP™’ '
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Puc. 6.9. PacnpeaeseHne AaBAEHUIA Ha PErYAMPYEMOM ydacTke: | — xapak-
TEPUCTHKA HEPETYAMPYEMOIO Hacoca, 2 — xapakTepucTiKa asTo-
MaTHMYeCKOro peryasitopa reperaia AaBAeHusi (reperyckHOro
KAarnaHa, yCTaHOBAEHHOIO BO3Ae Hacoca); 3 — xapakTepucTuka
PEryAMPYEMOro yHacTka B PACHETHbIX YCAOBUAX; 4 — xapakTepu-
CTHKa PEryAMpyemoro y4acTka rpm noAHOCTbIO OTKPbITOM baraH-
CUPOBOYHOM KAamnaHe;, 5 — XapakTepucTuKa pPeryAmpyemoro
yyacTka 6e3 yyera conpoTBAeHHs 6aAaHCMPOBOYHOIO KAaraHa

[Moacrasmsist a* mo ypasuenuio (6.10) u (V19p/Vy)? mo ypasuenuio (6.15)
B ypaBHeHnue (6.12), moyyaioT ypaBHeHre HAaCTPOUKHU PYYHOTO PETyINpYIoIie-
I'0 KJIallaHa ¢ JJMHeHHON paboueii pacxojHOM XapaKTepPUCTUKON B BUJE:

n= i = Mo : (6.16)
1 AP AP +AP AP
1-—+ ]—— +
a’ a;AP, a;AP, a;AP,

[lng aBTOMaTMueckoro peryampymomniero kianaHa ypasHenue (6.16)
UMeeT aHAJIOTUIHBIN BUJI, C TOW JIIITb PA3HUIIEH, YTO BMECTO HACTPOUKH 7
HEOOXOMMO TIOACTaBUTh TEKYyIIee TOJI0KEHNE MITOKA — /I, 2 BMECTO MaKCH-
MaJIbHO# HACTPOMKH My — MAKCUMAJIBHBIN X0 ITOKA A,y KpoMe Toro,
4yTOOBI JAHHOE YPaBHEHE HOCKIIO OOIIIiT XapaKTep, a He YaCTHBIH, B HEM He-
06xoanMO npuBecTH ypaBHeHue (6.7) BHEIIHETO aBTOPUTETA K BUILY:

a=APys/ (AP + AP). (6.17)

B nannom ypaBHeHuu, B otaumuue ot ypaBHenus (6.7), Bce mepemaibl
JIABJICHUS OTIPEEISIOT 10 HOMUHAJIBHOMY (pacyeTHOMY) PacxXony TeTio-
HocuTesst Vy, a He 1Mo MaKcuMaibHoMy V{o. Takoil oaxo/ oTJaudaeTcs: ot
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patee npumensieMoil Teopuu. OH HOCUT OOTIHIT XapaKTep U SIBJISIETCS TIPAK-
TUYHEe, TOCKOJbKY B IAHHOM CJIydae HOMUHAJIBHBIN PacXojl — 3TO pacyer-
HBIH pacxo/l, KOTOPBIi U3BECTEH MPU MPOECKTUPOBAHUYN CUCTEMDI, B OTJIMYNE
OT MaKCHMaJIbHOTO Pacxojia, KOTOPbIM 3a4acTyio HeuszBecTeH. PaBeHCTBO
3TUX PAaCX0/I0B PaCCMaTPUBAIOT, KaK YaCTHBIH ciryydail.

Ipumep 6.1. Cucmemy omonnenuss 30amus
NPUCOCOUHSIOM 1O 3ABUCUMOLL CXeMe K CUcTme-
me mennochabacenus. Pacuemmnoiii nepenad
memnepamypol. MenioHOCUMENsE 8 MEeNIOCemu
At = 130 — 70 = 60 °C. Tennosas mowrocmo
cucmemvl omonienuss Q = 42 xkBm. Ilepenad
oaesaenusi neped ysiom cmewusanus (nocie
BLIUUMAHUSL O PACNOLAZAEMO20 0ABIEHUSL HA P
6600e 6 30aiie nomeps OABIEHUS 8 INEMEHNAX "APY

Y3104 86004, YCMAHOBICHHBIX 00 Y31A CMEUUBANUSL HA NOOAIOWEL 1 0OPAMHOLL
Mmazucmpansix, meniomepe, psizesuxe...) cocmasasiem AP = 1,0 oap.

Heo6x00umo nodobpamv 06yxx00060i a8MOMAMUUECKUT PE2YIUPYIOULUTI
KAANan menyiogozo nomoxa (nepeviil KIanaw Ha cxeme) U onpeoeiums nepe-
nad dasnenust, asMOMAMUUECKU NO00EPICUBAEMbLL PeZYMOPOM nepenada
dasnenusi.

Pewenue. llomepu dasienus na Kianame pezyrsimopa meniogozo nomoxa
APy onpedensiom no KOHCOIUOUPOBAHHOMY PACNPeOeleHuI0 nomepsb dasie-
HUSL — HA HeM U HA A8MOMAMUYECKOM Pezyisimope nepenaa 0asieHus, m. e.
mexncoy deymst knananamu. Tozoa

APy =AP/2 =1,0/2 = 0,5 6ap.
Onpedensiom nponycknyio cnocobrocms Kianana (niommuocms meniono-
cumens npunumaiom p = 1000 xz/m*) no ypasnenuo us maon. 6.1

Tennocetb
CucTema oTonneHns

v, 0,86 0,86x42 0,6 -
fo= Y _ 0860 _086x — =085 (m°/u)/6ap">.

" VAR, AR, 6005 0.5

ITo kamanozy [62 ] soibuparom pezyrupyrowuil KIanam ¢ IUHeUHol Xapax-
mepucmuKoi, m. k. 00INCHAa Ovbims 0becneuena TUHEUnAs 3a6UCUMOCTIL MeC-
Oy X00oM WMOKA KIANAHA U MeMNepamypoll cMecu menioHocumens. Jmo
knanan NS2 dy, = 15 mm ¢ bausicariweri 6onvueis Maxcumarbotl nponyckHoil
cnocobrocmuio Kys = 1,0 (M? /u) /6ap°>. lonyckaemces npumenenue xKianana ¢
Oaudxcaiuieti Menviuetl nponyckHoll cnocoOHOCMbIO, eciu amo He yxyouaem
pezyruposarue. B mobom cayuae ciedyem nposepums kianan na obecneuen-
Hocmo beckasumanuonioi u 6ecuuymnot pabomot (cm. n. 6.1.6).

Ymounsiom nomepu dasnenus Ha NOIHOCMBIO OMKPLIMOM PEZYIUPYIOUEM
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KIaname ¢ yuemom evlOpantoll nponyckHoti cnocobrocmu no ypasnenuio (6.13):

Vi 06

vsl = kvzs - 1’02 -

0,36 6ap.

Onpedensirom asmomamuuecku noddepicusaemviil nepenaod 0asienust pezy-
JSIMOpom nepenada 0asienust 8 ysie cmewusanust. Ilpu smom, ons ynpowenus
pacuemos, npenebpezaiom nomepsimu 0asienus 6 mpyeonposooax pezyiupye-
MO20 YuacmKka u MECMHHLY CONPOMUBTICHUSX, CUUMASL UX HUUTNONCHO MATbIMIL.
Honazas, umo na pezyrupyemom yuacmie PacnoioNcen Julls Pezyiupyrouuis
KIAnam pezyismopa menioozo Nomoxa (€20 6HewHUi asmopumem 6 smom
CaYyuae npumepHo pasen edunuye), ASMOMAMUUECcK NO00ePICUBAEMbLTL Ne-
penad doJicer Obimb PasHbIM NOMEPIM OACLCHUS HA PELYIUPYIOULEM KIANd-
ne, m. e. APy = 0,36 6ap. [lod6upamv pezyrsmop nepenada dasienus ciedy-

em no pacuemuomy pCZCXan VN U YMOUHEHHBIM NOMEPAM aaBﬂEHuﬂ
AP — APy = 1,0 — 0,36 = 0,64 6ap.

ITpumep 6.1 cocTaBiieH 1Mo TPAAUIIHOHHOM METOIKE MOA00Pa KJIAIIaHOB.
Taxoil mogbop MpHeMJIeM JIMIIb B TOM cJIydae, eciii pabodast pacXoHas Xa-
paKkTepUCTUKA KaanaHa OJM3Ka K WAeaJbHOI U Ha PETYJUPYIOIIEM KJarnaHe
TepsieTCs MOYTH BCe pacriojiaraeMoe JIaBJeHre PperyJnpyemMoro yyactka. Tor-
12 6a30BbIil, BHEIIHUI U MOJTHbII BHEIIHIIT aBTOPUTETHI KJIallaHa CTPEMSITCS
K equHuiie (ag=a=a'" — 1). PeryaupoBanue B 3TOM cirydae OCyIIecTBIISIET-
s TIO0 JIMHEWHON 3aBUCUMOCTU. Eciu ke TPOM3BOUTENh CIeIall KJanaH ¢
MCKaKEeHHOW XapaKTePUCTUKOMN, T. €. ag < 1, To a* = ag < 1, n pe3yapTupyio-
Iee peryJanpoBatue OyaeT MPOMCXOAUTh M0 HCKAKEHHON XapaKTePUCTHKE.
B o6oux ciryyasx peryJmpoBanie KaarmaHoM Oyer OJM3K0 K PacXOIHOM Xa-
PaKTEPUCTHUKE KJallaHa, MpelocTaBIeHHON TPon3BouTeeM. bosee ToUHO
OTIPEJIENTUTH ATY XaPAKTEPUCTUKY MOXKHO, €CJIN YUECTh BJIUSHIE COITPOTHB-
JieHUsT TPYO ¥ MECTHBIX COTIPOTHBJICHUN HA YMEHbIIIEHIE BHEITHETO aBTOPH-
TeTa, YeM TIpeHeOperyin B pacuere.

Oco6oe BHUMaHME cJIeayeT 0OpaTuTh Ha TO, YTO MPEACTABJICHHBIN 1O/
X071 B ipuMepe 6.1 1o pacrpenesieHnio oTepb JaBieHust AP Mexty peryJis-
TOPOM TIepera/a JAaBJIeHUsT U PEeryasToOpoM TEIJIOBOrO MOTOKa 00ecneynBa-
€T OrpaHUYeHHEe MAaKCUMAaJIbHOTO MIOTOKA TEIIOHOCUTENS, paBHOTO V. [Ipn
TAaKOM COYETAHWW KJIATTAHOB PETYJISTOP IMePena/ia JaBJIeHusT BBITOJHSET 0-
MOJIHUTEIbHYIO (DYHKITNIO, KOTOpasi MPHUCYIIa PeryJsTopy pacxojaa. Ha-
CTPOIKY HEOOXOANMOTO 3HAUEHHUST PACXOJIA TEIJIOHOCUTEJIS ONIPEIECIISIOT TPU
MOJTHOCTBIO OTKPBITOM PETYJISITOPE TEMJIOBOTO MOTOKA U 00€CTIeYMBAIOT aBTO-
MaTHYECKU TOJJIEP;KUBAEMBIM TIEPETaioM JaBienus. besaycioBHO, HACTPOIi-
Ka peryJisiTopa reperaza JaBIeHnst 3aTeM J0JKHa ObITh orioMGuposaHa. [Tpu
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UCTIOJIb30BAHUU TAKOTO MOJAXO0/A B MPOEKTUPOBAHUKM aOOHEHTCKOTO BBOJA
JOIYCKAETCsI He YCTAHABIMBATH OrPAHUYMBAIOINIEE YCTPOHCTBO (JIUMUTHAS
nuadparma) [80].

Ipumep 6.2. K cucmeme meniocuaboice-

HUSL NPUCOLOUNIIOM 08YXMPYOHYIO Cucmemy
OMONJEHUS. 30AHUSL C MEPMOPEYLIMOPAMU Y
OMONUMENLHBIX NPUOOPOE NO 3ABUCUMOTL CXe- /
me. [Todbop asmomamuuecku Hepezyiupyemo-
20 Hacoca npeononazaemcs OCYwecmeumy
noce 6v160pa 00wez0 PYUuIH020 6ALAHCUPOBOY-
H020 KIANAHA B6CEU CUCTMEeMbl OMONICHUS ‘
(6mopoii kranan na cxeme). Pezynsimopul nepe- A
nada dasnrenus na cmosxax (Aubo noxeap-
MUPHLLX NPUOOPHBIX BEMKAX,) CUCMEMbL OMONLEeHUsL He npedycmomperivl. Homu-
HAbHLILL pacxod menjionocumens 6 cucmeme omonienus Vy = 1,8 m3 /4. Ilo-
mepu dasrenus 6 cucmeme omonaenus APy = 0,25 6ap. /luamemp nodarowezo
mpybonposoda dy = 32 mm.

Heo6x00umo nodobpams obuuii 06yxxo00601i pyuroti 6aLaHCUPOBOUHDLIL
Kianan (6mopoil Kianau Ha cxeme) 0ist nOCAeOYwell HaIA0Ku CUCMeMbl OMo-
naenus (svieedenue nacoca 6 padouyio MouKy) u onpedesumy ucxoonvle oar-
Hole 01 nod6opa NepenycrKHozo Kianand, YCmanasiueaemozo Ha Nepenyck-
notl nepemviuke. Hacmpoiixy obuezo 6anrancuposounozo xianana (nomepu
Oasrenusi AP ) npeononazaemcs onpedeaums npu Haiaoke cucmemot Omon-
JIeHUSL.

TennoceTb
Cuvictema oTonnexus

o

Pewenue. [lockonvky 6 cucmeme 0monieHUs 3anpoexmuposanvl mepmo-
pezysmopul, KOMopvle NPeoHasHauenvl 0is 00eCneueHus IUHEIH020 Pezyiu-
DOBAHUSL MENTOBIM NOTMOKOM OTMONUMEIbHIX NPUGOPOs, Mo 3adaua oouezo
PYUI020 OALAHCUPOBOUHOZ0 KAANAHA COCTROUM JUUWDb 6 CO30AHUU OONOIHU-
MENLH020 NEPEMEHH0Z0 CONPOMUBLCHUSL Ol BbIBCOCHUS. HACOCA 8 PAbOUYI0
mouxy. Tozda nod6op kranana ocywecmersiom no duamempy mpyoonposooa.
ITo kamanozy [63 ] svibuparom 6arancuposounblil K1anan ¢ IUHEUHOU Xapar-
mepucmuxoi. Imo xaanarn MSV-1 (6o USV-1) dy = 32 MM u Maxcumaio-
HOU NPONYCcKHOL cnocobnocmuvio Kys = 6,3 (m?/u)/6ap®.

Hacmpoiixy 6arancuposounozo kianamna onpeoeisiom npu Haiadke cucme-
MbL OMONJEHUSL NYMEM HeNOCPEOCMBEHHIX 3AMEPOB8 NOMEPs OAGNEHUSL HA HEM.

Asmomamuuecku nododepicusaemvlii nepenad 0aeieHus 6 Cucmeme omon-
Jlenust (8 mouKax npucoeOuHeHust NePenyckioll NePemMbiuKy 3a HACOCOM) NPU-
numarom na 10 % eviue om nomeps dasienus 6 cucmeme OMoNIACHUsL, eCiu
amom nepenad 0asienus He npesviuaem npedeivHoz0 3HAUeHUs 10 YCL0GUIO
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becuymmotl pabomor mepmopezysmopos. Tozda

APy = 1,1x0,25 = 0,28 Gap.

IIposepsrom nonyuennwviil nepenad na obecneuenue 6ecuymnoll padomol
mepmopezysimopos no xapaxmepucmuxe AP = f(\V) [64] (cm. n. 6.11.2).

Ha smom nepenad dasnenus ciedyem mHacmpoumv nepenycKuoi Kid-
nan. ITo smomy gce nepenady dasienus u pacuemuomy pacxooy cucmemol
Vy onpedensiom nponyckuyro cnocoonocms nepenyckrozo Kianama u noo-
Oupaiom ezo no Kamaiozy.

Oco6o caeayer o6paTUTh BHUMAHKE HA TO, YTO MHOT/IA B TIPAKTUKE TTPO-
eKTHPOBAHMSI TEILJIOBBIX MyHKTOB TOAOUPAIOT MeperycKHoil Kianan Ha 70 %
oT Vy, MOTHBUPYS TEM, YTO TEPMOPETYJISTOPBI HUKOT/IA He MOTYT OBITh OI-
HOBPEMEHHO 3aKpbIThIMU. TeopeTrueckoe b0 mpakTiuecKoe 000CHOBaHIe
TAKOTO TIOJIX0/Ia aBTOPY He U3BeCTHO. MOXKHO ¢ yBEPEHHOCTBIO YTBEPKIATH
JIUTIH TO, UTO € YBEJIMIEHUEM KOJTMUECTBA TEPMOPETYJISITOPOB B CHCTEME OTO-
TIJIEHUST BEPOSITHOCTD UX OJITHOBPEMEHHOTO 3aKPBIBAHUS CHUKAETCS. DTOMY
CIIocoOCTBYET Takke paboTa PeryJisiTtopa TEIIOBOTro MOTOKA MO MOTOIHBIM
YCIIOBUSIM.

B npumepe 6.2 GanmaHCHPOBOYHBIN KJIalaH moA00paH 1o JHaMeTpy TPY-
GOMPOBO/IA, YTO YACTO PEANM3YIOT Ha mpakTtuke. B mpumepe 6.1 npuseneH
JPYTOii TPaAUIIMOHHBIN MOAOOP KJamaHa: o ero MpoIyCKHON COCOGHOCTH.
O6a MeToz1a He YUUTBHIBAIOT B3aUMOBJIMsIHIE KJIallaHa ¢ cucteMoil. Bo MHo-
TUX CIAyYasix 9TO MPUBOJAUT K TIOTEPE PETYJUPYEMOCTH KJANAHOM, T. €. K
JIBYXTIO3UIIMOHHOMY PEryJUPOBAHUIO, KOT/IA TIPU HE3HAYUTEJIbHOM €ro OT-
KPbIBAaHUU JIOCTUTAIOT MAaKCUMAJILHOTO TIOTOKA TETIOHOCUTENST W JIaJibHeT -
Iee OTKPbIBAHKE HE ]aeT HUKAKOTo pesyJibraTa. IIpefoTBpatuTh Takyro pabo-
Ty KJIallaHa MOKHO TIpH 1o0ope KJIalaHa 1o mpejjiaraeMoMy B ipumepe 6.3
METO.LY.

IIpumep 6.3. K cucmeme mennocnaboce-
HUS NPUCcOeouUnsom  08yxmpyonyo cucmemy
OMONACHUSL 30aHUSL C MEPMOPELYNIMOPAMU Y
OMONUMENLHIX NPUOOPOS NO 3ABUCUMOTL CXEME. /
Pezynsimopol nepenada dasaenus na cmosikax
(ubo noKeapmupHuix NPUOOPHLIX GEMKAX)
cucmemvl OMONJCHUL He NPedyCMOMpPeHuL.
Homunanvnolii pacxod menjioHocumens. 6 Cuc- !
meme omonnenus Ny = 1,8 w3 /u. Ilomepu oas- LA
nenust 6 cucmeme omonaenus AP~ = 0,25 6ap
(meancOy mouxamu npucoeounenUs: NepenyckHoll nepemMbiuki 3a Hacocom) 6es

TennoceTb
Cuctema oTonmneHus

F
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yuema 0cHOBHO20 OANAHCUPOBOUHOR0 Kaanana 2. [luamemp nodarowezo mpy-
6onposoda d,, = 32 mm. [lepenad dasnenus mexcdy paboueic mouxoil nacoca
MAKCUMATLHOIM K.N.0. U NOMePIMU 0aBIEHUS. 8 CUCEME C YUemOM Nomeps
dasnenus 6 uacmu UUPKYJISUUOHHOZ0 KOIbUA, PACROTONCEHHOU 00 NepenycK-
HOLL NepeMbluKy co CMopoHbL Hacoca, cocmasisem AP = 0,75 6ap.

Heobxo0umo obecneuums pabomy Hacoca ¢ MAkCUMAIbHbIM K.1.0.

Pabomy nacoca ¢ MaxcuMaibHoim K.10.0. NPU OMCYMCMEUU PEzYLAMopos
nepenada dasienus Ha CMoAKAX Ui NPUOOPHBLX GEMKAX CUCTIEMbL OTMONICHUS
obecneuusaiom o0wuUmM 08YXX0006bIM PYUHBIM OALAHCUPOBOUHBIM KIANAHOM
(8mopotl kianan na cxeme) ¢ HACMPOUKol na nomepio dasaenust APy = AP =
= 0,75 6ap.

Pewenue. Ilo kamanozy [63 ] suibuparom 6aiancuposourvlii KIanaw ¢ iu-
neinoil xapaxkmepucmuxoii. Imo xkranan MSV-1 (au6o USV-1) dy=32mmu
MAKCUMATBHOL NPONYCcKHOoll cnocobrocmuio Kys = 6,3 (M*/u)/6ap®. 3asucu-
MOCTMb NPONYCKHOU CROCOOHOCMU KAANAHA OM HACMPOUKU Npedcmasiena @
mabauye.

Tonoxcenue nacmpoiixu n 02 | 05 1,0 1,51 20 [ 25| 30 | 3,2

IIponycknas cnocobnocms Kianana
Ky, O/u)/Gap® 07 | 1,7 | 31|43 |52 |57 ]61]|63

ITo mpaoduyuonromy memooy onpedeienus HACMPOUKU OALAHCUPOBOU-
H020 KIANAHA HAXOOSM PACUEMHYI NPONYCKHYI CNOCOOHOCMbL KIANAHA
(ypasnenue uz maon. 6.1):

ko= o Y8 s 08 (i) Gapt.

AP, 0,75

Humepnoauposanuem snavenuii sbiuenpuse0eniot mabiubl onpeoeis-
1om nacmpotixy xranana — 0,62. Hacmpoiixy npunumarom ¢ oxkpyeienuem 0o
YKa3anHou Ha wkaie 00IbHOU Kpamuocmu. Y 0aHH020 muna Kianama wxkaia
HACmpouKu pasmeuena vepes decsimole 00MU, C1eO0BAMENLHO, NPUHUMAIONM
nacmpotixy n = 0,6.

ITo npeonazaemomy memoody onpedenenuss HACMPOUKU KIANAHA BHAYA-
Jie onpedensiom 6a306blil ABMOPUMEM KAANANHA U3 NPeodPA308aNH020 YPAGHE-
Hust Hacmpotixu (6.12), sanucannoezo é sude:

_ 2 _ 2
a6a: a+ — 1 (I/l()()/l/)2 — l (kvs /kv)2 .
1-(n /n)y 1—(n, /n)

max max

B oannom pacueme ciedyem npunumamn snewnuii asmopumem a = 1, uc-
X005 U3 Ycaosull 2udpasiuyeckozo ucnvimanus kianaua. Toeda, noocmaensis
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MAKCUMATbHBIE SHAUCHUS. NAPAMEMPOE U3 NOCLEOHEU KOIOHKU, a4 NPOMEHCY -
mounvie — u3 Mo60i 0py20tl KOJOHKU MAOIULDL, HAX0Osm 6A306bLL ABMOPU-
mem Kianama

1-(6,3/43)"

IG5

Bonvuyro mounocmv dannozo napamempa onpedeisom ycpeoHeHuem
3HaueHULl, NOIYUEHHLIX NPU KAHCOOU HACTPOLIKe.

Munumanvrvie nomepu 0agienust Ha KI1anawe npu HOMUHAILHOM PAcxode

bl

Ve 18
=2 ="""=0,08 6ap.
vs2 k‘i 6,32 p
o ypasnenuro (6.17) paccuumot- v/,
6aiom newnul agmopumem xianana: ol =7
-
a=APy/ (APygp + AP ) = 08 4 0,077791/ “%//
3
=0,08 / (0,08 + 0,25) = 0,24. 7 1 A~
06
Honnvii  suewnuii.  asmopumem /
Kaanana 04 )/ a =10
a® = agxa = 0,32x0,24 = 0,077.
o2 LI
ITodcmaensis useecmuvle napamem- %
poL 6 ypasuenue (6.16), naxoosm na-

0 02 04 06 08 h/h

CMpOUKY Kianana 100

n= nmax — 3’2 —
Y 1 (0254075
a* a,AP, 0,067 0,32x0,08

Hacmpotixy npunumaiom ¢ okpyeienuem 00 ykasamnoi Ha wKaie 00avHol
Kpamuocmu. Y 0annozo0 muna Kianana wkaia Hacmpouxy pasmedend uepes
decsmule o, credosamenvio, ycmanasiusarom wacmpoiky n = 0,6.

W3 mpumepa 6.3 ciremyer, 9TO 110 TPAAUITMOHHOMY U TIPe/IJlaraeMoOMy Me-
TO/IaM HACTPOITKa KJarmaHa coBIajaeT, T. e. paBHa 0,6. B To ke Bpems, mpen-
JlaraeMblii MeTo/[ 0TOOPaKaeT THAPABIMYECKOE B3aUMO/IEHCTBIIE KJlallaHa ¢
CUCTEMOW TIPU MaHUITYJIMPOBAHUU WM. Tak, MOJHBIN BHENTHUN aBTOPUTET
YKa3bIBaeT HA PETYIMPOBOYHYIO XapaKTEPUCTUKY KJIarmaHa, 1o KOTOpoi ocy-
IIECTBJISIETCS PeTyJanpoBaHue peaidbHOl cuctembl. [Ipu a* = 0,077, pac-
XOJIHAs XapaKTePUCTHKA pactioyioskeHa Mexay sHadenussmu 0,05 u 1,0, 1. e.
SIBJISIETCSI OYeHb KPYTOi. PerysmpoBanue KiamaHoM OJIM3KO K ABYXIO3UIU-
OHHOMY: TIPH €T0 3aKpbiBaHUU Ha 50 % CHIZKAETCST PACXO TEIJIOHOCHTEJISI
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smtib Ha 10 %. CiretoBaTeIbHO, YMEHDIAETCST 33/IeICTBOBAHHAS 30HA TITKAJIBI
HacTpoiiku kaanana va 50 %, uiu 0 0,5x3,2 = 1,6 obopora pykosaTku (Maxo-
BMKA) KJianana (3,2 — MakcMMaJIbHas HACTPOIKa KJalaHa), 1 COOTBETCTBEH-
HO YBEJIMYMBAETCS 3aBUCUMOCTD MEKLY PEryJIUPYEMbBIM PACXOIOM TEILJIOHO-
CHUTEJIsl ¥ MOJIOXKEHUEeM HITOKA. YeM MeHblile 3HAYEHIe TIOJTHOTO BHEITHEro
ABTOPHUTETA KJIANAHA, TEM XY’Ke ero PeryJUpOBOYHbIE XAaPAKTEPUCTUKU U
TeM MeHblIle 3HAUYEHUsT er0 HaCTPOIKHY.

Ilpumep 6.4. B cucmeme omonnenus yc- AP AP,
Manosien ov6u4uu 86yxx08030Vu pyunoll baran- AP
CUPOBOUHDLIL KIanan (8Mopoil KIanan Ha cxe- AT @<

me) MSV-1 (6o USV-1) d, = 32 mm ¢ -
HeUHOU Pacxoonoll paboueti XapaKxmepucmi-
Kou. Makxcumanvroe 3nauenue ezo Hacmpouxu
Nmax = 3,2. Makcumanvnas nponycknas cno-
cobrnocms xnanana K = 6,3 (m*/u)/6ap®s.
basosvui asmopumem xnanana ag= 0,32 (cm.
npumep 6.3). [lepenad dagienus na Hacoce npu MAKCUMAILHO OMKPLIMOM K-
nane AP = 1,0 6ap. lepenycknoi kranan npu Haiaoxke cucmemvl NOJIHOCHHIO
3axkpuim.

Heobxodumo obecneuums pacuemuwlii pacxod menioHoCUmens npu Ha-
aaoke cucmemol omonienus, pasnviii Vy = 1,8 M3 /u.

TennoceTb
CucTema oTonneHms

Pewenue. Paccuumuviearom nomepu dasnenus Ha NOAHOCMbIO OMKPbLNMOM
Kaanane npu HOMUHAJIbHOM pacxoae

2
AP 1,8

vs2 = 6,32

=0,082 bap.

Jlanee noocmaesisiom useecmuvie napamempot 6 npeodpa36anioe ypas-
nenue nacmpotiku (6.16)

nmax 372

1 AP, 1 AP,
ol AR L AR,
032 032x0,082

n=

a alP,

B ypasuenuu dsa neussecmmvix napamempa. Ciredosamenvio, Moxcem

Obimy Heckoavko pewenutl. Onu yKasamunovl ¢ mabdauye npu Pasiudnvix Ha-

CMPOUKaAx Kianana.

Obecneuenus HOMUNAILHO20 PACX00a 00CMuzaiom noodoPoOM HACMPOUKU

banancuposouozo xianand. /Iis amozo usmepsiom nepenad 0asienus men-
JIOHOCUMENSE HA €20 WMYUEPaXx.
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n 0,5 0,6 0,7 1,0 1,5 2,0 2,5 32
APy, 6ap 1,131 0,802 0,604 0,324 0,176 0,123 0,099 0,082

Ecnu 6 npouecce pacuemos noiyuaiom ompuyamenvivle 3HaueHus nepend-
Oa dasnenust Onst Kakux-iubo Hacmpoex, 3mo 03HaAUaAem, umo UM He MONCem
Obimoy docmuznym HoMunabHbil pacxod. Kpome mozo, 6 pacuem exmouaiom
MONLKO Me HACMPOUKIL, NPU KOMOPHIX NOMEPU 0aGAeHUs. HA KIANAHE MEHULC
OM PA36UBACMOZ0 HANOPA HACOCOM (8 MAOIUUE BLLOCLCHL CCPLIM UBETOM,).

Hsmenenue nacmpoiixu n 6aiancuposoun0z0 Ki1anamua 61euem coomeem-
cmeyiowee usmenenue nomepv oasienus APy. Ilosmomy oxonuameivioe no-

JIOJCEHUE HACMPOUKU ONPeOessiom nocae008ameNvHbIM NPUOTUICCHUEM K UC-
munnomy 3uavenuro. B npouecce epawienus nacmpoeunou pyxosmxku (Maxo-
BUKA) OANAHCUPOBOUHOZ0 KIANAHA CPAGHUBAIOM USMEPACMbIE U PACUEMIHbLE
nomepu dasienus na éarancuposounom kianane APyy. [pouecc nacmpoiiku

sakanuueaiom npu nozpeuwnocmu mernee 15 %. Xopowum pesyrvmamom 56.-
emcs duanason noepewrocmu om —5 % do +10 %. 3nauumenvro ynpowaem
nPoOUeCc HACMpPOUKU Kianana Mmnozodyuxuuonaivtvii npuéop PEM 3000, ¢
KOMOPOM A8MOMAMUYECKU NEPECUUMBIBACMCS nepenad 0asieHUs Ha KIandaHe
8 Pacx00 MenioHoCUmens NP 3a0aHHOL Hacmpotixe.

ITocne onpedenenus Hacmpouku OALAHCUPOBOUHOZ0 KIANAHA U NOMEPD
Oasienus Ha Hem BbICMABLSIOM NEPENYCKHOU KIANAH HA ABMOMAMUYECKU
noddepacusaemulii nepenad dasienus no pekomenoauusim ¢ npumepe 6.2.

B nmpumepax 6.2...6.4 paccMOTpeH BapraHT YCTaHOBKY TTEPEYCKHOTO KJIara-
Ha Ha [IepeMbIUKe MESK/LY TIOJaroIeil 1 0OpaTHOI MarucTpasIsiMi CHCTEMBI OTOIT-
JIeHUsT. AHAJIOTMIHBIN TIO/IXO/] IPYMEHUM 1 K BADUAHTY YCTAHOBKH TTE€PEITY CKHO-
TO KJIalTaHa Ha TiepeMbIuke MeK/Ty BXOZIOM M BBIXOZIOM Hacoca (puc. 6.3,B).

CremyeT OTMETHTD, YTO pasMeliieHre 061ero GaraHCHPOBOYHOTO KJTa-
MaHa 3a TIePeryCKHOI MepeMbIUKOI SBJISIETCST HesKeTaTeTbHBIM TPOEKTHBIM
PEIEHNEM ¢ TOYKH 3PEHUsT 0OECTIEUeHNST PETYINPYEMOCTH CUCTEMBL. B aTOM
caydae Ha BETHYUHY COMPOTHBIEHNUS 00TIET0 OaTaHCUPOBOYHOTO KJIamaHa
BO3PACTAET TIEPENa/ TaBIEHS TEIIOHOCUTEIST, KOTOPBIH HEOGXOANMO TOJI-
JIepKUBATh Ha TiepeMbruke. [Ipr 9TOM yMeHbIIaoTCsT BHENTHUE aBTOPUTETHI
TEPMOPETYJISITOPOB CUCTEMBI OTOTJIEHUS, YXY/AIIAsk JUHEHHOCTD PEryJIupo-
BaHMsI TEILIOBBIM MOTOKOM OTOTIUTEIBHBIX IPHOOPOB. KpoMme Toro, Gamatcu-
POBOYHBIH KJTamaH OTOUPAET OT TEPMOPETYIATOPOB Ha cebst 4acTh pacmoJia-
raeMoTO JIaBJICHWS Pa3BETBJCHHBIX PETYJIUPYIONINX YJacTKOB, YTO TaKKe
YXYAIIAET PETYIMPOBAHIEe OTOMUTEIBHBIX TPUOOPOB [5]. TToaTomy sydtimim
TIPOEKTHBIM PETTeHNEM SIBJISIETCST pasMertieHne 001ero 6aaaHcupoOBOYHOTO
KJIamma#a /1o mepemMbraku (puc. 6.2,r).
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B oguoTpyOHBIX crucTeMax (€3 TEPMOPEryJISTOPOB U Oe3 MeperyCKHON
nepeMbIuKy 06U GasaHCUPOBOYHBII KJTalaH Takyke BHOCUT CBOIO JIENTY B
VXYIIIeHUe PeryJupyeMOCTH CUCTeMbL. B CTOsSIKAX CHUCTEMbI OTOILIEHUS
JIOJIZKHO TepsThest He MeHee 70 % pacrosiaraeMoro jiaBieHus: 6e3 ydera 1o-
TEepb JABJIEHMI B OOIINX yYacTKaX. ITO TPAIUIIUOHHOE TPeOOBAHIE OTEUECT-
BEHHOro HOpMaTHUBa [65] 110 pU3nIecKoil CyTu SIBISIETCS He YeM UHBIM, KaK
0becIIeueHreM TOTO K€ BHEITHETO aBTOPUTETA TOJHKO IPUMEHEHHBIM HE K
KJIAMaHy, a K CTOSKY. ITO yCIoBue OblI0 ¢hOPMYIUPOBAHO st M30eKaHU
Pa3peryJMpoOBaHUsT CUCTEMBI TIPU U3MEHEHUH TPABUTAIIMOHHOTO JIABJIEHUS.
Jlns obecrieueHuss TaHHOTO TPebOBAHUSA HEOOXOAMMO YMEHBIIUTH COIPO-
TUBJIEHHE OOIIUX YYACTKOB U OOIIEr0 PEryJIUPYIONIEro KIalmaHa B TOM YuC-
se. [loatomy it cucTeM € TIOCTOSTHHBIM THAPABIMYECKUM PEKUMOM Kesa-
TEJILHO TPUMEHSITH 00U PETYJIUPYIONIUI KJIAlaH ¢ MaJIbIM TH/[PABJIYEC-
KUM COIIPOTHBJIEHUEM U, KPOME TOTO, C JOrapu(MUIecKoil pacxXoaHoi xa-
PaKTepUCTUKOI.

Pabouyio pacxoouyio xapaxmepucmuxy Kianana onpeoeisiom ezo 06uum
enewnum asmopumemom. O6uguil GHewnUTl ABMOPUMEM YUUMbIBaAem Uc-
Kacenue udeaivroll pacxoonoll XapaKmepucmury Kianama noo 6030ei-
cmeuem conpomueiIeHUs Kopnyca kianana (onpedensiom 6a3osbim asmo-
PUMEMOM KLANANA) U CONPOMUBTEHUSL OCTALLHBIY JNEMEHMOG Pe2yiupye-
M020 yuacmra (onpedeistom HEUWHUM aABMOPUMEMOoM KIANAHA,).

Junetinas padouas pacxoonas Xapaxmepucmuka Kianama ne npemepne-
8aCM CYUWECMBEHN020 UCKANCCHUS O GHEUHE20 AGTOPUMEMA, eCl €20
snauenue naxooumcs ¢ ouanasomne 0,5...1,0.

C ymenvuenuem enewnezo asmopumema nudxce 0,5 auneiinas pabouas
PACXOOHAS XAPAKMEPUCTIUKA KIANAHA 3HAYUMETDHO UCKANCACMCSL, YUMo
credyem yuumol8ams npu 00eCnedenul Pezyiupyemocmis CUCeMbl U 603-
MONHCHOCTU €€ HANAOKIL.

B mennosom nynxme 0ns pezyiuposaius npouecca 06pasoeanus cMecu
mennonocumennst, n00asaemozo 8 CUCmeMy OMONJIeHUsl, HAULyYuuUm oopa-
30M NOOX00SIM KAANAHLL ¢ IUHEUHOU PAdoUell PacXo0HOl XapaKmepucmiL-
KOl.
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6.1.3.2. PaBHOMpoLeHTHas paboyas pacxoAHasi xapakTepucTmka

Kuamansr, nmokazanssie Ha puc. 6.10, mMeroT paBHONPOIEHTHYIO (JIoTa-
pudmmgeckyio) pacxoaHyo xapakTepuctuky. Kiaanaust cepun VF 2 Bwimos-
HEHBI IBYXXOJI0BBIMU. TPeTnii IpoXoj y HUX 3ariyiieH. Bee KiamaHel, 3a uc-
koderreM MSV-C, aBstoTcst ceieTbHBIMU 1 TTPe/THAa3HAYeHBbI JIJIs1 COBMECT-
HOIT pabOThI € BJIEKTPONPUBOIAMH.

VF2 VFS 2

Puc. 6.10. Peryavpyiolume KaanaHbl C AOraprepMUUeckon
]pPaCXOAHOM XapaKTEPUCTUKOM

Kunanau cepun MSV-C nipejicraBiisieT HOBoe IIOKOJICHHE PYYHbBIX GajiaH-
CUPOBOYHBIX KJanaHoB. OH co3/laeT yMEHbIIEHHOE THAPABINIECKOE COMPO-
TUBJIEHUE 32 CUET HAKJIOHHO PACTIOJIOXKEHHOTO MmToka. CiresioBaTebHo, OT-
OGUpaeT MEHbIIYIO YaCTh PACIIOJATAEMOTO JABJICHUST PETYJIUPYEMOrO yJIacT-
K4, YBEJWYMBAs BHEIIHWE ABTOPUTETHI aBTOMATUYECKHUX PETYIUPYIONIUX

KJIANAHOB W yJIydInas
7 TEM caMbIM UX padoTy.

VIVioo

/|

// Kmaaman wsrorasimBa-
IOT CO BCTPOEHHOM pac-

| —]
// XomoMepHOU auadpar-
/o

0,8 /
| //
0,6 Qy

4

Vi
A A

Moit 6o 6e3 Hee. Kia-
=10 MaH C PacxoJOMepHOM
JmacdparmMoii 3HaYUTe Tb-
HO YIIPOIIaeT HAMAAKY
CHUCTEMBI, TIOCKOJBKY
Pacxon TEIIOHOCHUTEST
Yepes3 HerO OIPeIeTTIoT
B He 110 u3MeHswLlelics

MPOIYCKHON CTTOCOGHO-
| CTH TIpU KaxXJOH Ha-
CTpOiiKe, a IO CTaOWIH-
Puc. 6.11. PaBHonpoueHTHas paboyasi pacxoAHasl HO¥l MPOIYCKHOU CITO-

XapakTepucTHKa KAanaHa npu ¢ = 3 cobHOCTH THadparMbl.

2>
0,26

0,4

0,075

0,2

0 02 0,4 0,6 08  hlh
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Kiamassl ¢ paBHOIPOLEHTHON pabodeii XapaKTePUCTUKON B M/IeaIbHbIX
YCJIOBUSX 00ECIIeYnBAIOT BO BCEM JIHATIA30HE PETYJINPOBAHUST OJMHAKOBOE
U3MeHeHre pacxoia (OTHOCUTEbHO UCXOHOTO PacXo/ia) IPU PaBHOM Iiepe-
MellleHU N 3aTBopa KJanaHa. Tak, Ha mpuMepe pabodeil pacxoHOI Xxapakre-
puctuku (puc. 6.11) npu 1BUKEHUN 3aTBOPA C OTHOCUTEIBHOTO MOJIOKEHUS
h/hioo = 0,2 B h/h1po = 0,4 coornomenue V/Vio) usmenutcs ot 0,085 1o
0,161, 1. e. Ha 0,075, yTo cocrasisier 87 % OT MCXOIHOIO OTHOCUTEIBLHOIO
pacxoma 0,085. Ipu epemeniernu ot 0,6 10 0,8 OTHOCUTETHHBIN PACXOT 13-
menurcd ¢ 0,3 Ha 0,56, T. e. na 0,26, unu te xe 87 %. Maremarnuyeckoe omnu-
caHue TaKOl 3aBUCUMOCTU NUMeeT BU/I:

AV/VIOO
Ahl by, V1V,

100

=const =c. (6.18)
100

B peanbHOCTH paboyast pacxXopHas XapaKTepUCTHKa OOBIYHO OTJIHYAET-
Cs OT WICATbHON XapaKTEePUCTUKN B 3aBUCKMOCTH OT 0a30BOr0 aBTOPHUTETA
¥ TOYHOCTHU 3aBOJICKOTO M3TOTOBJIEHUS KJanana. /[omycTuMble OTKIOHEHUS
persiaMmeHTHpYIOT HOpMam#, HatpuMmep, VDI/VDE 2173. Tak, oTkioHeHne
MIPOIMYCKHOI CIIOCOOHOCTH KJIaraHa Py MOJTHOM OTKPBITHH HE JJOJIKHO OT-
jmyarbest Oostee, ueM Ha = 10 % ot mapamerpa Kyg HAKJIOH OTKJIOHEHUS Pa-
6oueil XapaKTepPUCTUKK OT HOMUHAJIBbHO XapaKTePUCTUKH, COBMEIIEHHBIX B
cucreme koopauHat log(ky/Kys) = f(h/h100), He nomxkeH npesbiath 30 % B
obmactu 0,1 < h/hygy < 1. PermameHTUpyeTCs TaKKe JOMYCTUMOE OTKJIOHE-
HUe€ MTOTOKA Ha HAYAJIbHOM YYacTKe PETYJIMPOBAHUS. 3/1€Ch PErYIUPOBAHNE
He oTpe/ie/isieTcst 001Iel 3aBUCUMOCTBIO, T. K. KPUBast XapaKTEPUCTUKH TTepe-
CEKaeT OChb OPAMHAT BBIIIIE HYJIEBOTO PACXoia. ITO O3HAYAET, YTO MTPOUCXO-
JIAT CKAYOK PAcXo/ia, T. €. TEPSIETCS YIPaBJAsSeMOCTh Kaamnana. Jljs yuydiie-
HUS PEryJIUPYEMOCTH KJallaHa Ha 9TOM yYacTKe 3aBUCUMOCTb Pacxojia OT
XOJIa TITOKA OCYIIECTBASIOT 10 MHOMY 3aKOHY, Harpumep, Juneiinomy. [1pu
STOM HIZKHSSI TPaHUIIA YIIPABASeMOCTH KianaHa Ky /Kys 10JKHA OBITH Kak
MOKHO MeHbIreil, OOBIYHO 9TO OTHOIIEHNE YKa3hIBAIOT B 0OPaTHOM BUIE U
ono cocrasiseT 30...100:1. Hampuwmep, y xnananoB VF2 u VFS2 — 30:1.

[Ipuemiemyto neabHYIO0 PACXOAHYIO XapaKTEPUCTUKY KJaraHa st
PETYJUPOBAHUS TIOTYYAIOT TIPU TIOCTOSTHHON ¢ = 3. ITO JaeT BO3MOKHOCTH
HauWHATh peryaupoBanme ¢ Ky/Kys = 1..3 %, 4TO HECKOTBKO XysKe, YeM y
KJTAIIaHOB C JIMHEHHON XapaKTEePUCTUKON, B KOTOPBIX PETYJIMPOBAHUE OCY-
MIECTBJISIETCS TIOUTH C HYJIS.

PagHompolieHTHast paboyasi XapaKTeprCTUKa, KaK 1 JIHHEIHAs, 3aBHCUT
OT MTOJTHOTO BHEIITHETO aBTOPUTETA KJIallaHa Ha peryanpyeMoM ydactke. Ee vc-
Ka’KeHWe TeM 3HAUUTeIbHEee, YeM MEHBIIIE ATOT aBTOpUTeT. MaTeMaTimueckoe
OTMCaHVe UCKAKEHUS UIEATBHOM PACXOHON PABHOTIPOIIEHTHOM XapaKTepuC-
TUKM KJIallaHa B 3aBUCKMOCTH OT aBTOPHTETA TIPECTAaBIeHO B pabore [43] —
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ViViw= |[——————. (6.19)

2¢(h/hygy—1
e (h/hoo=1)

OmnpejeieHne HACTPOUKHM PEryJMpYONIero KjamaHa ¢ pe3bOOBBIM
IITIH/IEJIEM OCYIIECTBIISIOT IpeobpasoBanmeM ypasHeHus (6.19), usioxken-
HbIM B ILIL 6.1.3.1. B pesysbrare ypaBHeHue HACTPONKY KJIAIIAHOB € PaBHO-
MIPOIIEHTHON PAcXO/THON XapaKTepUCTUKON TPUHUMAET BUJT:

a+

In

at -1 +(V1°°)2
n=n 1+—V ) (6.20)

max 2 c

JIn6o, ocyliecTBisis 3aMeHy BHEIIHETO aBTOpUTETa @ 1 pacxoza Voo Ha
COOTBETCTBYIOIINE OTHOIIEHUS TIepenaioB faBjaeHui (em. 1m.i. 6.1.3.1):
_ AP +AP N AP
a;AR, a; AP,
max 2c

In| 1

(6.21)

[Ipu perysmpoBKe cuCTEMBbI KJIallaHAMK C PABHOIIPOIIEHTHON PacXoHON
XapaKTEPUCTUKOM PACXO/l TENJIOHOCUTENSI OTIPEIEIISTIOT MTyTeM MOCJIeI0Ba-
TEJILHOTO MPUOIMKEH IS K UICTHHHOMY 3HaueHuto. JIJ1s1 5ToT0 00eceunBaioT
MOCTOSTHCTBO TIeperiajia IaBJIeHus Ha peryaupyemMom ydactke. [1o HacTpoii-
Ke 7 ¥ U3MepsSIeMOMY Tepenajry naBjieHust AP, Ha peryaupyiomieM KJanaHe
OTIPEJIETISTIOT PACXO/l M CPAaBHUBAIOT €r0 ¢ HOMUHAJIbHBIM 3HaYeHneM. Pacue-
TBI TTPOU3BOJAT 110 hopmyre:

kVS
V= . (6.22)
1 a, a,
[ + -
AP, AP, ARV
v v v

B ypaBuennsax (6.18)...(6.22) He yuTeHa TMHEHHAS COCTABJSIONIAs PaB-
HOTIPOTIEHTHOM PACXOMHON XapaKTePUCTUKY BOJIM3M TOJOKEHNS 3aTBOPA
"3akpbITO”. DTOil 06JACTH KJallaHa TPHUCYIA MOBBIIIEHHAST TTIOTPEITHOCTh
PETYJIMPOBAHUS, TOATOMY CJIeyeT n3beraTh HACTPOIKM PYyIHOTO GamaHcu-
POBOYHOTO KJIaMTaHa B 9TOI 06TACTH He CTOMBKO M3-3a MOTPENTHOCTH KaK Ta-
KOBOI, CKOJIBKO ee pe3yJIbTaTa — HEBO3MOKHOCTH MaHUITYJIMPOBAHNS pac-
XOJ/IOM PETyJINPYEeMOTro yJacTKa PN HalaIKe CHCTEMBI.
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Y perysupyioliero kKjianaHa ¢ paBHOIIPOIIEHTHOM pacXo/[HOI XapaKTepu-
CTUKOI MOJKHO TIOJIYYUTh MTPUMEPHO JHUHEHHYIO pabouyio XapaKTepUCTHKY
(cm. mraroHastb Ha puc. 6.11) mytem usMeHenus BHeltHero apropureta. [lo-
9TOMY JAHHBII K/1anan Gojiee yHUBEPCAJIeH, 4eM KJIalaH ¢ IMHEHON XapaKTe-
PHUCTUKOM, y KOTOPOTO I0CTUYD JIOTapU(hMUUECKOI 3aBUCUMOCTH Pacxojia OT
XO7la IMTOKA U3MEHEHUEM BHEITHEro aBTOpUTeTa HeBO3MOsKHO. Jlorapudmu-
YECKYI0 XapaKTEPUCTUKY TPEOOPa3yOT B IIPUMEPHO UACAIBHYO JTHHEHHYTO
1P TIOJTHOM BHEIITHEM aBTOpUTETE peryJupyioniero kiaanana a® = 0,1...0,3
(10...30 %). Takum 06pa3oM, eciiu Ha PeryJIupyeMOM YIacTKe €CTh 2IeMEHTBI,
CO3/IAT0IIIEe MECTHBIE COTIPOTUBJICHNS, TO /I TIOJTYYEeHUS JIMHEHHOTO PeTyJin-
poBaHust 06bEKTa PEryJInpoOBAHUSA HEOOXOMMO IPUMEHATH KJIallaHbl ¢ JIoTa-
prdMUUECKON XapaKTepUCTHKOI, 00 eil mogo6Hoi. To ke camoe KacaeTcst
U caMoro 00bEKTa PETYIIMPOBAHISI, ECIIA OH CO3/IAET MECTHOE COIIPOTHBJIEHHE.

Ipumep 6.5. Cucmemy omonnenus 30a- AP

vsl

HUSL NPUCOCOUHSIOM 1O HE3ABUCUMOTL CXeMe K
cucmeme menaocuabocenus. Pacuemnuoiii ne-
penad memnepamypv. MenIOHOCUMENS. 6
mennocemu At =150 —75="75 °C. Pezynupo-
gamue meniogozo nOMoKa Meni00OMeHHUKA —
KauecmeenHo-Kouvecmeennoe. Tennosas na-
epysxa cucmemol omonyenusi Q = 100 xBm.
Ilepenad Odasnenus neped mennoobmeniiu-
KoM (nOCie bluUmAanusl U3 Pacnoiazaemozo
Oasnenust MenioHOCUMeNs 6 MenioCemi Ha 6600e 8 30anue nomeps OA6IeHUsL 6
JNeMeHMax yana 6600d, YCMAHOBICHHLIX 00 MENIO0OMEHHUKA Ha NOOawell u
06PaAMHOLL MAZUCTPATAX, Mennomepe, epssesure...) cocmasisem AP = 2.5 6ap.
ITomepu dasnenus ¢ mennoobmennuxe APy, = 1,0 6ap.

TennoceTb
Cuictema oTonmneHus

Heo6x00umo nodobpams 08yxx00060U asMOMAMUUECKUTL Pe2YIUPYIousutl
Kaanaw 018 pezyismopa menyiogozo nomoxa (nepeviil KAanam Ha Cxeme) u on-
pedenumv ucxoonvie danvle 0 no060Pa ASMOMAMUUECKO20 PE2YLAMOPa Ne-
penada dasnenus.

Pewenue. ITomepu dasnenus na kianame pezyismopa meniogozo nomoxa
APysq onpedensiiom ucxo0s us obecneuenus IUHeHOCU Pezyiuposanis mern-
JIOBbIM NOMOKOM menioobmennuka. TIoCKOIbKY menioooMenHur umeem uc-
KPUBLEHHYI0 Xapakmepucmuxy (cm. puc. 5.3), 01s NOIYUEHUS JUHETIHOZ0 Pe-
2YIUPOBAHUS MENILOGHIM NOMOKOM BLLOUPATOM KIANAH C UCKPUBTEHHOT 8 OPY-
210 CMOPOHY XAPAKMEPUCTRUKOU — ONUSKOU K UOeANbHOU J02aPUPMUUECKO
PACX00HOU Xapakmepucmuxoil. /[ mozo umobvl Xapaxmepucmuka Kianana me
npemepnesand SHAUUMeIbHO20 UCKANEHUSL, NPUHUMAIOM BHEUHUL a8mopumem
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kaanana ne menee a = 0,5, onpedensieMvlil OMHOCUMEILHO ABMOMATMUYECKU
noddepacusaemozo nepenada dasienus peeyrsimopom nepenaa oasienust. T. k.
HA pezyupyemom yuacmre ecmv 06a seMeHma — peyiupyrouuil Kianan u
MenI00OMEHHUK, MO NPU MAKOM SHEULHEM ABMOPUMEme CONPOMUBLEHUE Kia-
nana GoNCHO PABHAMBCL CONPOMUBLEHUIO MENA00OMEeHHUKA. IMo credyem
us ypasuenus (6.7)

A])VSI AP

a= — vsl

AP AP, +AP

vsl

_aAP, 05AP,
=g 1-05

=AP, =10 6ap.
Onpedensiiom pacuemmyo nponycKHyo cnocobHOCMb Kianana (niomHocmo
mennonocumens npurumairom p = 1000 xz/m*) no ypasnenuo uz maon. 6.1

v, 0860 _ 086x100 115 _
oM 0860 _086x100 LIS s s saps,
VA])VSl At A])vsl 75\/1’70 \/1’70

k

IIo xamanozy [62] evibupaiom pezyaupyrowuii K1anam ¢ 102apuhmuueckot
xapaxmepucmuxoii. Imo knanan NFS2 dy, = 15 mm ¢ busrcaiiwert nponycxnoi
cnocobrocmuio Kg = 1,0 (M /u)/6ap®s. B dannom cayuae xianan evibpan ¢
MeHvUuell NPONYCKHOLL CnocooHocmplo om mpedyemozo snavenus. IIpu amom
YMeHbuLleH OmHoCUmenvHolil pacxod menionocumens 0o VNy = G/Gy =
= 1/1,15 = 0,87, umo npusedem K ymeHvULEHUIO OMHOCUMENLHOZO MENL0E020
nomoxa meniooomennuxa Q/Qn. Imum ymenviuenuem npenedpezaiom, m. x.
pacuemiblii meniosoll NOMoK MeniooOoMeNHUKa 60Cmpedosan Iuub 8 Kopom-
KULL NPOMENCYMOK 8peMeHI omonumenvrozo nepuoda. Kpome moezo, smom we-
docmamox dydem KOMNEeHCUPOBAH 3aNACOM NOBEPXHOCIIU MENIO0OMEHA OMO-
numenvhvlx npubopos (na 10 % 6 coomeememeuu [9]) ¢ mepmopezyrsmopamu
U 3aNacom NOBEPXHOCMU CaAM020 MeNI00OMEHHUKA, KAK NPABUNL0, NPUHUMAE-
MbIM NPU €20 pacuemax.

Ecau npu evibope pezyiupyiowezo Kianana pasiua Mexcoy pacuemuoil u
OeticmeumenvHoll nPONYCKHOL CnocoOHOCMbIO 60ee CYuecmeenid, mo ciedy-
em npuHsMs MAaKoli nepenad 0asienus Ha Kianame, wmobvl pacuemuas npo-
nycknas cnocobrnocmy cognadaia ¢ deiicmeumenvioil. B amom cayuae no
ypasnenuio (6.13) ymounsiom mpebyemvie nomepu Ha Kianame

Ve L1587

vsl _?i_ 1’02 -

1,32 6ap.

B mo6om cryuae nposepsiom xaanan na obecneuernue 6eckasumanyuonot
u becuymmoil pabomoi (cm. n. 6.1.6, 6.1.7).

Yeeruuenue nomepv dasienus na Kianame npueooum K yYeeiudeHuo ezo
BHeWwHe20 asmopumema u, Cle008aAMenIvHO, K YAYUUEHUI) PeeyYaupyemMocmu
obvexma pezyiuposanus —
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AP AP
a=—2= ¥ = 1,32 =0,57 6ap.
AP~ AP +AP, 10+132

Onpedensirom asmomamuyecku noddepircusaemviii nepenad 0asieHus: pe-
2YNASAMOPOM NEPENAOA HA PELYNUPYEMOM YUACTIKE

APy = AP,, + APy = 1,0 +1,32 = 2,32 Gap.

Paccuumoisaiom mpebyemvie nomepu 0asienus. na pezyisimope nepenaca

dasnenus
AP — APy =25-232=0,18 6ap.

PaccMOTpeHHDII TPUMEp UMEET OTPAaHUYeHHYI0 00JIACTh TIPUMEHEHUST
110 TTOTEPSIM JIABJIEHUST HA TEIIIO0OMEHHUKE 1, CJIEIOBATEILHO, HA PETYJIUpPY-
oleM KJanane. YeM Bblllle COMPOTHBJICHNE TEINIOOOMEHHUKA, TeM OJinKe
paboTa kiianaHa Ipub/IKAETCS K KABUTAIIMOHHOMY PESKUMY, T. K. Ha KJIara-
He HeoOX0MMO OyJIeT TaksKe oTepsATh OoJiblie naieHust. ObeciednTs Jim-
HEHHOCTH PEryIMPOBAHMUST TEIJIOBBIM TOTOKOM TEIJIO0OMEHHUKA, TIPUMEHUB
KJIATIAH ¢ MEHBIIUM COITPOTUBJIEHUEM, T. €. ¢ GOJIbIIEl TIPOIYCKHOH CII0co6-
HOCTbBIO, HEBO3MOKHO. B 9TOM cilyuae yMEHbBITUTCST BHEITHUIT ABTOPUTET pe-
IYJIMPYIOIIETO KJIAMAHA, YTO TPUBEET K UCKAKEHUIO er0 PACXOHON Xapak-
TEPUCTUKU ¥ HEBO3MOKHOCTH €€ CTBIKOBKM C XapaKTePUCTUKON Terioos-
MEHHUKA JIJIsT OJYYeHUsT IMTHEHHOCTH PEryIMPOBAHNUST TEIJIOBBIM TOTOKOM.

B paccmorpennom nipumepe, kak 1 B ipumepe 6.1, morepu gaBienus AP
pacripefieJieHbl MeXKIY PeryJisiTOPOM IIepernasia JaBJieHust U PeryJsitopoM
TEIJIOBOTO MOTOKA., JTO O3HAUAET, UTO HET U3OBITKA JABJICHUsI, KOTOPOE He-
006XO/IUMO TacUTh JUMUTHOM puadparmoii. B atom ciryuae fgoryckaercs ee
He ycranasausath [80]. Ilono6parnas Takum o6pasoM Tapa KJIalaHoB Bbi-
MOJIHSIET (PYHKIIMIO OTPAHUYEHUS MAKCHMAJIBHOTO IIOTOKA TEIUIOHOCUTEJIS,
paBHOro Vy. ITOT Pacxo/l BHICTABJISAIOT IO PACXOJ0OMEPY IIPU TOJTHOCTBIO OT-
KPBITOM PETryJISITOPe TEIJIOBOTO MOTOKA ITyTeM YCTAHOBKM aBTOMATHYECKHU
MOJIJIEP/KUBAEMOrO  TIEPeNajia JlaBjieHrs. Be3yCcJOBHO, OIIOMOUPOBAHUEM
3AIIUIIAI0T HACTPOUKY PETYJIATOPA MePerajia IaBIeHus OT HECAHKIIMOHIPO-
BaHHOTO U3MEHEHsI.

Hauydmum npoeKTHBIM MOAXO0A0M JIUIS TEIIOOOMEHHUKOB € JI00BIM
COITPOTUBJIEHUEM SABJISAIOTCS PellieHus, Mpe/cTaBieHnbie Ha puc. 6.12. Onn
TaKKe OTPAHUYMBAIOT MAKCUMAJBHBIH MOTOK TEIIOHOCUTENS Y abOHEeHTa.

Kpowme Toro, B TAKUX TIPOEKTHBIX
@ pelIeHUsIX PeryJupyIomuil Kaa-
NaH sBJsIeTCS eIMHCTBEHHBIM

2 G 9JIEMEHTOM peryJupyemMoro
yyacTka. BuemrHuili aBToputer
kianana a = 1,0, 1. e. pacxojubie

Puc. 6.12. ObecneveHne naeaAbHbIX
YCAOBUIN PETrYAMPOBAHMSA
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XapPaKTEPUCTUKH KJIATIAHOB, IIPEJ0CTABIEHHbIE TPOU3BOIUTENIEM, OCTAIOTCS
HEU3MEHHBIMU B peasIbHbIX yCJa0BUAX. OMHAKO MEXKIY 9TUMU PEIleHUSMU
ecTb otamuus. B nepBom (puc. 6.12,a) — pacxo/iHas XapakTeprucTUKa KJara-
Ha paBHa 0a30BOW, T. €. UMEET MCKAKEHUE, BHI3BAHHOE CONPOTUBJIEHUEM
Kopryca Kianana. Bo sropom (puc. 6.12,6) — paBHa ujeaibHOM, T. K. 1aBJie-
HUE TEMJIOHOCUTEJsI CTAOUIM3UPOBAHO HEIIOCPEACTBEHHO HAa PEryJIMPYIo-
IeM OTBEPCTUU KJanaHa. B o6oux ciydasx pacxojHas XapakTepUCTHKa
KJIaraHa croco6CTByeT NPUOIMKEHUIO K UACATbHOMY PETYJIMPOBAHUIO TeTl-
JIOBBIM TIOTOKOM TETJIO0OMEHHOTO Tiprbopa (puc. 5.4).

ITIpumep 6.6. Cucmemy omonienus 30a-
HUSL NPUCOCOUHSIIOM NO HE3ABUCUMOLL CXEME K
cucmeme menaocnabicenus. Pacuemmnoiii ne-
penad memnepamypvl MeNnIOHOCUMENS. 6
mennocemu At = 150 — 75 =175 °C. Tennosas
naepysra cucmemvt omonaenuss Q=100 xBm.
Ilepenad odasienust neped menioodmennu-
KoM (nocie 8bluUmanust U3 pacnonazaemozo
Oasnenus MenIoHOCUMeENs. 6 Meniocemu Ha
8600e 6 30anue nomepv OABIEHUS 68 JNEMEHMAX Y314 8600a, YCMAHOBICHHIY
00 menioobmennuKa Ha NOOaWel U 0OPAMHOU MAZUCTPALIX, MEniomMepe,
2psasesuxe...) cocmasiasiem AP = 2,0 6ap. [Tomepu dasnenus 6 meniooomennu-
ke AP, = 1,0 bap.

Heo6x00umo nodobpams 06yxx00060i asMOMAMUUECKUTE PE2YIUPYIOULUTE
Kaanau 0ist pezyisimopa menjiogozo nomoka (nepewlil Kianam Ha cxeme) u on-
pederumn nepenad 0asieHust, AGMOMAMUUECKU NO00EPICUBAEMbLI PE2YLAMO-
pom nepenada dasreHus.

AP

TennoceTb
Cucrema oTonmneHus

Pewenue. Knanan pezyismopa meniogozo nomoka nodoupaiom ois obec-
neveHust IUHETHOCMU PeZYIUPOBAHUS MENLOEbIM NOMOKOM MeNI00OMEHHUKA.
Iockonvky meniooOMennuK uMeem UCKPUBLEHHYIO XAPAKMePUCUKY (CM.
puc. 5.3), Kianan 0oixcer uMemn 102apuQMUUecKyio PaAcXooHy0 Xapaxmepu-
CmuKy, OAU3KYI0 K UOCANbHOUL.

Ilomepu dasnenus na kianane pezyismopa meniogozo nomoxa APy on-
pedesiiom no KOHCOAUOUPOBAHHOMY PACNPEOeSeHUI0 NOMePb 0a6leHUs — Ha
IMOM KIANAHE U HA ABMOMAMUYECKOM Pezysimope nepenaca 0asieHusl, m. e.
MeNCOY 08YMsL KIANAHAMU, UMO NO3BOJACM 02PAHUNUMY MAKCUMALLHIL PAC-
x00 mennonocumens y abonenma. Tozoa

APy; = (AP — AP,)/2 = (2,0 — 1,0)/2 = 0,5 6ap.

C uenvio yMenvueHus Kanumaiohvix sampam (6bl00p KAANAna MeHbULE20
ouamempa) moxcem Ovimv 3a0ana UHAS NPONOPUUS. PACHPedeseHs 0a6IeHUs

133



M COBPEMEHHbIE TEMAOBBIE IMYHKTbl. ABTOMATUKA 1 PEFYAMPOBAHWME

Mexcly Kranamamu, eciu obecnevusaemcs: 6eCKASUMAUUOHNAS Padoma Kid-
naua ¢ 66mvwUM nepenadom 0asieHust Ha HeM.

Onpedensitom pacuemmyo nPonYCcKHYO cNOCOOHOCMb Kianana (NIomHoCmy
mennonocumens: npunumaiom p = 1000 xz/m®) no ypasuenuio us maon. 6.1

V 0,86 0 86 100 1,15
k= - 0860 _ 086 = =162 (o /) /Gap"”
NAP At AP 754/0, \/

ITo xamanozy [62] evibuparom pezyrupyrowuil Kianam ¢ io2apupmuuec-
Kotl pacxoonoi xapaxmepucmuxoi VFS2 dy =15 MM u bruxcaiuiets nponycx-
Hotl cnocobrocmuvio kys = 1,6 (m*/u)/6ap®.

o ypasnenuio (6.13) ymounsiom nomepu dagienus na kianame

vy L15°

vsl — kivzv - 1, 6

Imom sce nepenad dasienus credyem noooepHCUSaAmy AGMOMAMUUECKUM
pezynsmopom nepenada dasaenus, m. e. APy = APyg= 0,52 6ap.

=0,52 bap.

Onpedensiiom mpebyemvie nomepu 0aBACHUS HA ABMOMAMULECKOM Pe2y-
asmope nepenada 0asieHus

— (AP, + APyg1) < 2,0 — (1,0 + 0,52) = 0,48 Gap.

IIposepsiom knananot na obecneuenue 6ecKkasUmMauuoOHHoL U OeCuLyMHOL
pabomot (cm. n. 6.1.6 u 6.1.7).

B paccMOTpeHHBIX TpHMepax MpeJIIoIarazoch, YT0 PACXO/HbIE XapaKTe-
PHCTHKH KJIANaHOB, OJU3KY K UACaNbHBIM, I 6Aa30BLIMI aBTOPUTETAMU KJIa-
MaHoB mpeHeOperanu. PaccMoTpeTh HCKaKEeHME PACXOAHBIX XapaKTEPUCTHK
MPE/ICTAB/ISAETCS BO3MOKHBIM Ha TipuMepe 6.7 ¢ pyuHbIM OaJaHCHPOBOYHBIM
KJIATIAHOM, YTO 0COOEHHO BayKHO MPH HAJIAJ[KE CUCTEMbI OTOILIEHIS U0 ee
OTBETBJICHUM.

AP,

IIpumep 6.7. B 30anuu c oonompybuoi cucme- | e
MOt omonienus: 6e3 mepmopezyismopos OCYuecn- DA ¢
GRLSIOM  MOOEPHU3AUUIO Menio6oz0 nynkma. Cuc- 5
MmemMy OMONACHUS NPUCOCOUHSIOM 1O 3AGUCUMOLL i
cxeme K cucmeme meniocnabxcenus. Peeyisimopot
pacxoda na cmosxax (MUbO NOKEAPMUPHBIX NPU-
OOPHLIX BeMKAX,) CUCEMbL OMONIEHUSL He NPedyc- ;
mompenvt. /luamemp nodarowezo mpybonposoda e AP
dy = 32 mm. Pacuemmoiil pacxod menionocumens 6
cucmeme omonaenus Ny = 1,8 m® /u. [Tomepu daeienus 6 cucmeme omonieHus.
AP = 0,16 6ap (onpedeneno no dasienuio, passueaeMomy s1eeamopom, 00 2o

Tennocetb
Cuctema oTonmneHus
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samenvt na nacoc). lepenao daenenus mewcdy paboueti mouKoil asmomamuye-
CKU Hepezyiupyemozo Hacoca u nomepsimu 0asieHust 6 Cucmeme coCmagisien
AP = 0,4 6ap.

Heob6x00umo nodobpamv obuguii 06yxx000601i pyuoli 6ALAHCUPOBOUHDLLL
Kaanau (6mopoil KIanaw Ha cxeme) u onpeoeums €20 npedsapumenvHyo Ha-
CMpOUKY.

Pewenue. Ilo xamanozy [63] evibupaiom 6arancuposounvlii Kianan ¢ Ko-
CoLM WNUHOETeM U L0ZAPUDMULECKOL XAPAKMEPUCTIUKOL, KaK HAUGOIee No0x0-
Osuguil Ons pezyuposanus 00nompyonoi cucmemvt omonenus. Ilodbop ocy-
wecmensiom no duamempy mpy6onposoda. Imo kranar MSV-C d,, = 32 mm
6e3 usmepumenvioll ouagppazmol. 3a6UCUMOCTL NPONYCKHOT CROCOOHOCTMIU
KAGNama om Hacmpouxy npusedena 6 maoduue, npedocmasiiemMol npouseoou-
menem.

Honoocenue nacmpoiixu n 2 3 4 5 6 7 8

IIponyckuas cnocobrocmy kianana

K Oy G 26 | 51 | 89 | 140 | 17,0 | 200 | 21,6
Vs "

Onpedensiiom 6a306viil agmopumem KIANAHA U3 YPABHEHUSL HACMPOUKU
(6.20), sanucannom 6 ude:

2 2
1=V 1= k)
aﬁa_a - 2c(l-n/nyy) 2¢(l=n/ny, ) °

1 —e ‘max 1 —e ‘max
B dannom ypasnenuu credyem npunumams enewnuii asmopumem a = 1,
UCX00sL U3 YCIOBULL 2UOPABIUYECKO20 UCNbIMANUS Kianana. /[is kianana
MSV-C npunumaiom ¢ =~ 4. Toz0a, nodcmasisis MaKCUMaibHble NApamempol
U3 NOCACONEll KOLOHKU, G NPOMENCYMOUuHbLe U3 110001 OpY20ll KOJLOHKU MAbiu-

Upl, HANPUMep, 01 HACMPOLKU 5, HAX00sam 6a306biil AsMopumen

a__l—(2L6/&9f

6 2x4(1—4
1 24 478)

=0,091.

Bonvwyio mounocms napamempa onpedensiom ocpedHenuem 3HaueHu
npu Kaxcootl Hacmporixe.
Munumanvivle nomepu 0agienus na Kianame npu HOMUHATLHOM pacxode
Ve 18
"R 216
[To ypaBrenuto (6.17) paccunThIBaIOT BHEITHUH aBTOPUTET KJIAMaHa:
a=APy»/(APyp + AP ) =0,007/(0,007 + 0,16) = 0,042.

=0,007 6ap.

Honnwviti enewnuil asmopumem xianama
a” =aga=0,091x0,042 = 0,0038.
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IHodcmasnsis useecmuvie napamempoi 8 ypasuenue (6.21), naxodsm na-
CMPOUKY K1anana

1 0,4+0,16
! 1_00038-}_0091 0,007
X
n=8|[1- : 2 4’ : =1,58.
X

ViVioo = Hacmpoiiky npunumarom
) aid ¢ OKpyenenuem 00 YKasamHou
o8 y, ,/// Ha wKaie 00IbHOU KPAMmHOC-
“lar=0,0038 | ¥ & ///A/ mu. Y dannozo muna kranaua
7 > 4 /' WKana Hacmpouxu pasmeve-
06 / L Ha uepes decsimoie 00U, cie-

/ / / NI
A Y 008amMenvHO, YCMAHABIUBA-

4 o
/ / // '/ tom nacmpoixy n = 1,6.
04 a4 / IIpu evibope nacmpotixu
% & 0c0benHo 6 cucmemax ¢ nepe-
02 LA N MEHHBIM 2UOPABIUYECKUM De-
L~ 7/
L ACUMOM PEKOMEHOYEMCSL, UMo-
ObL Kaanan 6oLl OMKPLUN He
o,

o 02 0 06 08 mh,, = Memeeuemna 20 % om kysu He

Gonee uem na 80 % om Kys,
B dannom npumepe amo ycaosue cobmodeno: 100x(1,8/8,0)=22,5 %.

W3 npumepa 6,7 carepyer, 4To KianaH mogo0paH ¢ 04eHb HI3KUM 3Haue-
HMEM TI0JIHOTO BHEITHETO aBTOPUTETA. 3HAYUT, €r0 PacXOAHAsT XapaKTepuc-
THKa Oy/IeT HCKaskeHa U U3MEHEHIe Pacxo/ia TeMIOHOCHTE sl TIPH BPalleHnn
MaxXOBHKa OyeT IPOUCXOANUTH JIMIITh B Y3KOM JMallazoHe X0jIa IITOKA.

[Ipn mpumenennn kmamana MSV-C co BCTpoeHHON pacXo0MepHON -
adparmoii ornagaer HeoOXOAMMOCTh B pacyeTax 110 BbIIIEIPUBEACHHON Me-
TO/MKeE B IpuMepe 6.7. Pacxo TeryioHoCUTE s Yepe3 KialaH OlpeestioT 10
MIPOIYCKHOM CTOCOGHOCTH PAacXOA0MEPHOI AradparMbl, yKa3aHHON B TEXHU-
YeCKOM ONMUCAHWW KJallaHa, ¥ U3MEPSTHHOMY TIepenajly /aBJeHUs Ha Hell B
rpolecce HaJa[Ki cCUcTeMbl. THUopasMep KJIalaHa B 3TOM cJiydae TpUHUMa-
10T 110 ramerpy Tpy6orposoga. OnxHako HeOOXOANMO, YTOOBI HOMUHAIBHbIN
pacxoj Ha KJiaraHe ObLI He HUKe PEKOMEHIYEMOTO TIPOU3BOAMTEIEM MIHU-
MaJIbHOTO PACXO0/1a, OMPEEeNSIeMOTO TI0 IOMYCTUMOM TOYHOCTH MU3MEPEHUs
pacxojioMepHoii radparMoil. MUHUMAIBHO JOTMYCTUMBIN PAcXo/l TETIIOHO-
CHTEJIST OTIPEEIISIIOT 1O MIPOITYCKHOI ctocoGHOCTH AnadparmMbl, YKasaHHOH B
TEXHUYECKOM OMUCAHWUY Ha KJIalaH, © MUHUMAJbHOMY Ta/IEHUIO JIAaBJICHIS Ha
weti B 1 xlla. Pacuer pacxosia Ha KanaHe 1 MUHUMAJIBHO JOMTYCTUMOTO Pac-
X0/Ia OCYIIECTBJISIIOT 110 ypaBHEHUIO U3 TabJr. 6.1.
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IIpumep 6.8. barancuposounvuii kianan MSV-C d, = 15 mm ycmaroenen
Ha omeemeneHuu om pacnpedeiumens meniogozo nynkma. Iponycknas cno-
cobrocmo e20 pacxodomepnoi waibv Ky = 1,8 (M?/u)/6ap®. Pacuemiwi
pacxod menionocumes Ha pezyupyemom yuacmxe pasen Ny = 0,6 13 /u.

Heob6xo0umo obecnevumo pacuemmviii pacxo0 menioHocumens Ha pezy-
JUPYEMOM Yuacmye npu Haiadke CUCeMbL.

Pewenue. Pacuemmwiil pacxod Ha kianane docmuzaiom npu nepenade 0as-
JIeHUsL HA USMEPUMENbHLIX Wwmyuepax kianana (Ouappazme)
0,6
APy =—=011 6ap = 11 xlla.
1,8

Imo snauenue yooeremeopsem mpedGoSaAnUuIo 0 MUHUMATHLHO OONYCMiL-
MoM nepenade dasaenus na pacxodomepnoi duappazme ¢ 1 klla, nosmomy ezo
NPUHUMAIOM OIS HACMPOUKU KIANAHA.

Hacmpoiixy xaranana ocyuecmensiom MeoneHHviM 6PAleHiuem MAX08UKa
KIANana u3 noIHOCmvI0 OMKPLIM020, OO0 3aKpbimozo noioycenus. Ipu do-
cmuicenuy mpedyemozo 3uavenus nepenada 0asienus, Gurcupyiom Ha-
CMPOIIKY KAANAHA COZIACHO ONUCAHUIO 8 UHCMPYKUUU HA KIANAH.

Jozapupmuueckyro (pasnonpouenmmnyio) pacxoonyr Xapaxmepucmuxy
KAANAna MOJICHO NPUOIUSUMD K JUHCTIHOU NYMeM USMEHEHUS. BHeULNeZ0 a6+
mopumema.

Jozapupmuueckas pacxoonas xapakmepucmuxa Kianama He npemepne-
saem cyuiecmeennozo usmenenus npu enewnem asmopumeme 0,5...1,0.

C ymenvwenuem enewnezo asmopumema wusxce 0,5 rozapudpmuueckas pa-
6ouas pacxoonas Xapaxmepucmuka Kianamad SHAUUmesvHo UCKAICaemcs,
UMo credyem yuumoléamo npu 0becnedenu pezyiupyemocmi 00sexma pe-
2YAUPOBAHUS U BOIMONCHOCTIU €20 HATAOKU.

B mennosom nynxme ons pezyiuposanus meniogozo nomoxa menioodmen-
HUKOB C BbINYKAOU XAPAKMEPUCMUKOL, NPUMEHIOM KIANAHL C J102apud-
MUUECKOLL paboyell Ppacxoonoll XapaKmepucmukol.

Pyunvie 6anancuposounsie Kaanamvl ¢ 102apupmueckoti pabouetl pacxoo-
HOU XaPAKMEPUCTUKOU U MATbIM ZUOPACTUUCCKUM CONPOMUCTEHUCM HAlL-
JYHUUM 0OPA3OM NOOX00AM ONsl PE2YIUPOSAHUSL CUCTNEM OTRONLEHUS C 1O~
CIOAHNBIM 2UOPAGIULECKUM DENCUMOM U MATbIM ZUOPABIUUECKUM CONPO-
mueLeHueM.
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6.1.3.3. Aorapupmunyecko-AnHerHas pabdouyas
PaCXOAHast XapaKTepuCTHKa

MSV-F2 d, < 150

Puc. 6.13. Peryanpyiowmin - kaanax
C AOTapUPMUUECKO-AU-
HerHoM paboyelt pac-
XOAHOW XapaKTepuCTy-
KOM

Knanan MSV-F2 d), < 150 (puc. 6.13)
nMeeT JIorapuMUIeCKO-TUHEHHYIO pa-
60UYI0 PACXOJHYIO XapaKTEPUCTHUKY. Y
Hero OOBEJMHEHBl TOJOKUTETbHbBIE
CBOICTBA PAaBHOTIPOIIEHTHOTO U JIUHEH-
HOTO 3aKOHOB peryiupoBanusi. CoBme-
IIeHNEe XapaKTEePUCTUK [IaeT BO3MOK-
HOCTb B IIIMPOKOM JMAIla30HE HU3MEHe-
HUSL TIOJIHOTO BHEINIHETO aBTOPUTETA
kiarnana (a* = 0,3..1,0) BbLIEAUTD yC-
JIOBHYIO Y3KyI0 30HY (0603HaYeHHYIO
Toukamu Ha puc. 6.14). B Heii nocturaer-
¢S IPUMEPHO JIMHEHHOE PeryIupoBaHue
C JIOMYCTUMBIM OTKJIOHEHWEM OT HOMU-
HaJTbHOTO pacxoga. Kpome Ttoro, Jora-
pudMUYecKas COCTABIIAIONAS XapaKTe-

PHUCTUKU TIO3BOJISIET NOJYYUTD IPUMEPHO JIMHEITHOe peryJinpoBaHue IIpyu Ma-
JIBIX PacxXo/lax ¥ aBTOpUTETaX KJjalaHa, 4To XapaKTepHO JIJIs CUCTeM C Tiepe-

MEHHDbBIM TU/paBJInNdeC-

VIVi0

KUM PEKUMOM.
Camasg yskasg 30Ha

0,8

0,6

MIPUMEPHO  JIMHEHHOTO
peryJmpoBaHus 10 Bce-
My TepeMelleHnIo Xoja

IITOKA HAXOJIMUTCS B M-
[1a3oHe IIOJIHOTO BHEIIIHEe-

TO aBTOpHUTETa KJjlallaHa

0,4

a"=0,5+0,2. [Ipumepno
JUHellHOe PperyaupoBa-

0,2

HUe TI0JIy4aloT TaKkke pu

at=0,2+ 0,1, ecotu oTHO-

CUTEJbHBIA PacXo] Tell-
JIOHOCUTEJISI HAXO[AUTCS B

0 0,2 0,4 0,6

08 hihyo TIpefiesiax OT HyJIsl 10 3Ha-

Puc. 6.14. Aorapudmunuecko-anHennas  TEHI, COOTBETCTBYIONIE
pabouas pacxoAHasi XapakTepucTmka To TOYKE CIMAHMA KpU-

KAalNnaHa
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Touka CIMSHUS KPUBBIX HAa XapPAKTEPUCTHKE YKA3biBaeT 00 M3MEHEHUU
3aKOHA PETyJIMPOBAHUS C PABHOIIPOIIEHTHOTO HA JUHENHbIN. Ee mnojoxenue
3aBUCUT OT TOTO, HACKOJIBKO 3aTBOP KJIAlaHA € JIorapuMUIecKuM rpodusiem
yKopoueH (cpaBHu Bepxuue puc. 6.5,6 u 6.5,r). Hanyummx pe3yabratos jo-
CTUTAIOT YKOPAYMBAHKEM 3aTBOPA KJIAllaHA TIPUMEPHO Ha TTOJIOBUHY. 3aKOHBI
peryJnpoBaHus B 3TOM cJjiydae pacipezesstior B mpornopiuu 50 ma 50 %, uto
orpaskeHo Ha puc. 6.14. Torna HacTpoliky KJamaHa ¢ JorapudMuIecKo-yu-
HelHOoI pabodell PacXOIHON XapaKTEPUCTUKOI OIIPEAEISIOT 10 YPAaBHEHMIIM
st TorapuMIYeCcKO U Jist IMHEWHOH XapakTepuctuk. VX mpeobpasyior ¢
yuetoMm mporiopiiuu pactpesnenenusi (0,5) ¥ KOOPAUHATHI TOUKH CIIMSTHIS
(0,5). IlpumeneHvie ypaBHEHUH OTPAHUYUBAIOT 00JIACTHIO IOMYCTUMBIX 3HAUE-
HUI pacxozia OTHOCUTEIBHO TOYKHU CJAUSHUSA PACXOMHBIX XapaKTePUCTHUK:

mpu V< 0,5V

a
2c

~ 1—(0,51/100/1/)2]
) (6.23)

| [1
n=0,51_ 41—

5

mpu V > 0,5V

1
2
\/1 1[0, (7 0,57,

n=0,5n_ 41+ (6.24)

a+

JIubo, ocyIecTBIsAsT 3aMEeHy BHEIIHEr0 aBTOpUTETa a 1 pacxoja Vg Ha
COOTBETCTBYIOIIME OTHOIIEHUS Tiepena/ioB faBiaeHni (em. 1. 6.1.3.1):

mpu APs< 0,25 AP,

AR +AP +(),25AP
a;AP, a;AP,
2c

| (1
n=0,5n_|1- (6.25)

>

mpu APys> 0,25 AP,

n=0,5n, |1+

\/1_ AP +AP” 0,25AP " (6.26)
a;AP, APAP, \’
‘ JAP, — 0,25 — s
aﬁ( " AP +AP )

HpI/I HaJaJiIke CUCTEMbI PpacXo/ TEIIJIOHOCUTEJIA B KJIallaHe C Jiora- 139
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pudmMUUecKo-JIMHENHON XapaKTEPUCTUKON HAXOAAT TaK JKe, KaK U Y JIPYTUX
PETYJIUPYIONINX KJIAMAHOB CO IITyllepaMu 0TOOpa MMITYJIbCa JaBJICHUS HA
BXOJI€ U BBIXO/IE, T. €. IyTEM MOCJIE0BATEBHOTO TPUOIIMKEHIS K UCTUHHOMY
3HAYEHUIO TIPH 00ECTICYeHIN TIOCTOSTHCTBA TIEPETa/ia JIABJIEHsI HA PETYJIHPY-
eMoM yudacTke. [Io HacTpoiike N 1 n3MepsTHHBIM 1TOTepsIM JlaBjieHust AP, Ha pe-
IYJMPYIONIEM KJIaliaHe OTIPE/IETISIOT PACXO TEIIOHOCUTEIS TGO PACCUNTDI-
BAIOT €ro 10 (hopMyJIaMm:

pu 71 < 0,5 yax

v =0,5k, | AL

21~ ]_1 | (6.27)

I+a;|e
upu n > 0,5 10
V' =0,5k, AP {1+ !

- .
0,57, 1 (6.28)
n—0,5n

1+a,

max

IIpumep 6.9. [Ipoexmupyrom meniosoil NYHKM ¢ PAcnpeoesumenviotl zpe-

—~<— [lorapncmmyeckag —>— | —~<— [IuHeitHag —>=— 66HK0uV- Eﬂu%aawuﬂ’l u eauH_
140 XapaeproTa xaparTepieTa CMBEHHBIM ABMOMAMUUECKUM YC-
120 p— MPOUCMBOM CMAOUNUIAUUL Nepe-

nada Oasienus. 6 cucmeme A6Jsi-
emcest NepenycKHoll KIAndau, ycmad-
HOBTIEHHBLI HA NePenyCcKHOl nepe-
MOIUKE 30 UUPKYIAUUOHHBIM HACO-
com cucmemvt omonienus. Iloo-
“0"" A A Oeparcusaemwviil um nepenad oaeie-

nust AP = 0,40 6ap. Conpomusie-
Puc. 6.15. PacxoaHas xapakTepucTuka —Hue omeemeienus 6e3 yuema no-

KAanaHa MSV-F2 d, = 80 mm  mepob dasrenus Ha OAiancupo-
BOUHOM KLANAHE COCTMABLAC

100 ===

80
60
40

20

AP =
= 0,20 6ap. Pacxod menionocumens na pezyiupyemom yuacmxe pasem
Vy = 40 /4.

Heo6x00umo nodobpams 6arancuposounsiil Kianaw u onpeoeiumn ezo na-
CMPOUKY 015 2UOPABIUECKOU YBAZKU OMBEMELCHUSL.
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Pewenue. Tudpasiuueckyio yeasky omeemeienus 00ecneuusaiom na-
CMPOLIKOU OANAHCUPOBOUHOZ0 KIANAHA HA NePenao 0asieHus.

AP,= AP — AP = 0,40 — 0,20 = 0,20 6ap.

IIo ypasnenuro uz mabruupt 6.1 naxodsm pacuemiyio nPonycKHYIo Cnocoo -
HOCMb KAAnana

v, 40 ;
=——=89,4 (M*/u)/6ap’>.
JAP 0,20 (r/w)/Gap

ITod6uparom xnanan ¢ 6OILUUM 3HAUECHUEM MAKCUMATLHOU NPONYCKHOLU
cnocobrocmu no xkamanozy [63 [. Taxosvim aensemcs knanan MSV-F2 dy, = 80 mm
C J02APUPMUUECKO-TUHEHOT PACXOOHOU Xapakmepucmukoi. Pacxoonas xa-
DAKMEPUCTIUKA KAANANHA 68 AOCOTIOMHBIX 3HAYEHUSX noKasana na puc. 6.15. Ezo
Maxcumaivias nponycknas cnocobnocmn Ky = 122,3 (3 /) /6ap®>. /s obec-
NeueHUs. 803MONCHOCTU PEYNUPOSAHUS. NOMOKOM MENIOHOCUMENs. NPU Ha-
cmpotixe cucmemvl pexomenoyemcs eoinoansamo ycaosue 0,2xkys < ky < 0,8xKys.
Yenosue evinonneno, m. x. 0,2x122,3 < 89 < 0,8x122,3. Imo nossonsem usme-
HAMb NOMOK MENLOHOCUNENS. 8 NPOUECCe PELYNUPOBKU CUCTNEMbL KAK 6 00b-
WY10, Max u 6 MEHLULYIO CMOPOHY.

Onpedenenue nooNceHus. HACMpPOUKU KIANAna OCywecmeisiom no puc. 6.15.
st docmunicenus mpebyemoi nponyckHoU CROCOOHOCIU KAANana Heodxo0umo
ycmanosumv Hacmpouiky 6 noaosxcenue 1,0 (cm. no Hanpasienuo nyHKMupHou
cmpeaxu). Hacmpotixy npunumaiom ¢ okpyeienuem 00 Yykasannou Ha wxaie
Q0 HOT Kpamuocmu. Y 0anio0z0 muna Ki1anand wkaia Hacmpouxu pasmedena
uepes decsimovie Q0.

Ecau mpebyemcs onpedenums HacmpoKy Kianama ¢ yuemom UCKaNceHus
JIO2APUPMUUCCKO-TUHCIIHOT XAPAKMEPUCTIUKIU, NPUMEHSIOM MeMOOUKY, npeo-
cmasaennyio 6 npumepe 6.10.

k,=

Ilpumep 6.10. Heob6xooumo no ucxoonoin dannvim npumepa 6.9 onpede-
JUmMb padouyro pacxooHyro Xapakxmepucmuxy. 3asucumocmy nPponycKHOL cno-
cobrnocmu knanana MSV-F2 d,, = 80 mm om nacmpoiicu npusedena ¢ mabauue,
npedocmasnsiemoil npoussooumenem [63].

THonoxcenue nacmpouxu n 1 2 3 4 5 6 7 8 9,5

Iponycxknas cnocobrocmo
xkaanana K, (m°/u)/6ap’>

3axon pezynuposanus J0zapupmuneckuil JUHEUNBLU

58 | 99 24,5485 | 71,3 | 87,0( 96,4 |109,3]122.3

Onpedensirom 6a306viil asmopumem Kianamda. Imo MOXCHO OCYULLCMEUMD
KaK 1o 0moeIbHbiM COCMABASIOUUM (L02APUDPMUUECKOT U0 TUHETHOTL), MaK U
no COBOKYNHOU Xxapaxmepucmuxe (102apu@MuuecKo-IuHeino ).

IIponopuuio pacnpedenenust 3aKOHO8 PezyIUPOBaHUst ONPeOeson 0OHUM
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U3 cnoco60s: no padouell pacxooHol Xapaxmepucmuxe Kianama; no nponyckHou
CnOCcoOHOCU KIAnana; no 0annvim npoussodumens. Paccmompum nepsviil u
8mMopotl cnocoowL.

ITo nepsomy cnocoby neobxoouUMo nposecmu OUazoHAb, COCOUHSIOUYIO HA-
uano u Kouey, paboyetl xapaxmepucmuku xianana (cm. puc. 6.15). Touxa nepe-
ceuenust OUazoHAI ¢ PACXOOHOU XAPAKMEPUCTIUKOL COOMBEMCMEYem Ha-
cmpotixe xianana 4,5, 6 KOmopoil npoucxooum nepexoo om J02apupMuueckozo
K JIUHEUHOMY 3AKOHY PeyIUPOBAHUSL.

ITo emopomy cnocoby u3 eviuenpusedeniot mabauubl HeodX00UMo HaAumu
MaKoe noyoAceHue HacmpouxKiL, npu Komopou cobmodaemes sagucumocms (6.9),
BLIPANCCHHAS 68 BUOe HACTMPOCK U NPONYCKHBIX CNOCOOHOCmel. Ima 3asucu-
MOCMb COOMBEMCMEYem eOUHCMBEHHOU MOUKE HA PACXOOHOU XAPAKMEPUCTIUKE
¢ cobmodenuem udeanviozo JUHetH0z0 peeyauposanust. Jlanmvii cnocod seis-
emcst 6onee mounvim, vem epaguueckuil cnocob. Iponycknyio cnocodbrocmn 6
HeM Mencoy 08YMst ONUNCAUUUMU HACMPOUKAMU ONPEOCLAIOM UHMEPNOTUPOBA-
nuem. Tozda nocredogamenvuvim NPUOIUNCEHUEM K UCTIUNHOMY SHAYCHUIO OT-
pedensiem mouKy usioMa Pacxoonoll XapaKmepucmuky Kianana npu omHuocu-
MeNLHOU HACTPOTIKEe

(n/9,5) = (k, /122,3) => (4,3/9,5) = (55,3/122,3) = 0,45.

B pesynvmame nonyuarom nacmpoixy 4,3 ¢ nponycknoil cnocooHocmvio
xaanana 55,3 (M3 /u)/6ap’>. Omuocumenvuas nacmpotixa 0,45 yxasvieaem na
dono nozapugmuueckozo pezyauposanus. OCmaswasics 4acms xo0a wmoxa
xaanana 1 — 0,45 = 0,55 seusemcs donell iunetinozo pezyiuposanus.

Basosviii asmopumem xaanana 0ns nacmpoex 00 n = 4,3 paccuumviéaiom
10 J02APUDMUUECKOMY 3AKOHY Pezyauposanus. /s amozo eudOUsMeHsom
ypasuenue (6.23)

aa=a = 1_(V45/V)2 _ 1_(kv45/kv)2

6 - 1— eZc(l—n/0,45nmX) - 1— eZc(l—w/0,45nmﬂ) >

a 015 Hacmpoek n > 4,3 — no sudousmenennomy ypasuenuio (6.24), xapaxme-
PUBYIOWEeMY JTUHEUNDLIL 3AKOH Pe2YIUPOBaHU,

1- [(Vloo — V45)/(V — V45)]2 — 1- [(kw — kv45) /(kv - kv45)]2
1-[0,55n,,, /(n—-0,45n,, )" 1-[0,55n,, /(n—0,45n, )]

a=a" =
aa=a’ =

max max

20e unoexc 45 ykasvieaem na pacxo0 MenioHOCUMENLs U NPONYCKHYI0 Cnoco0-
Hocmw Kaanara npu wacmpotike 0,450y,

B amom pacueme ciedyem npunumams snewnuii asmopumem a = 1, ucxo-
05t U3 YCNOBULL 2UOPABTUHECKOZ0 UCTLIMAHUS KIANAHA, 4 NOCMOSHHYI0 ¢ = 3,7.
Tozoa, nodcmasnss MaKCUMAivible NAPAMEMPoL U3 NOCACOHEN KOLOHKU, 4
NPOMENCYMOUHDLE — U3 COOMBEMCMBYIOULUX KOJLOHOK MAOIULbL, PACCUUMBIGA-
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1om 6asoswiii asmopumem xianana. Pesynomamor ceedenvt 6 madauuy.

3axon pezynuposanus Jn02apudmuneckutl JUHEUNDLU
Honoocenue nacmpoiixu n 1 2 3 4 5 6 7 8
Basoswiii asmopumem xaanana as 0,31 [ 0,60 | 0,50 | 0,49 | 0,32 | 0,42 | 0,62 | 0,56
Cpedneapugpmemuueckoe 3navenue as 0,48 0,48

Cpedneapupmemuueckoe snauenue 0 6cem OUANAIONE PELYIUPOBAHUS
ag = 0,48.

Pas6poc mabiuunvix snavenuii 6a308020 A6MOPUMEMA GbI36AH OKPY2ICHU -
eM MPONYCKHOT CROCOOHOCTU KIANAHA, NOZDEULHOCTILIO e ONPedeieHs Ha Zpa-
HUUAX OCTICBUS 3AKOHO8 PE2YIUPOBANUSL, A TNAKICE NPUHINBIM 8 PACUeme Npil-
MepHbIM 3HaueHuem noCmosiHHOU C.

Munumanviwie nomepu dasienus Ha KIaname npu HOMUHATLHOM PACX00e

Ve 407

Vs kT = W = O,ll 6ap

Buewnuti asmopumem xaanana
ye AP, 0,11
AP +AP 0,11+0,20

0,35.
Pabouas pacxoonas xapaxmepucmuxa Kianama, onpeoensiemas noiHviMm
BHEUHUM ABMOPUMEMOM KIANAHA
at =asa=0,48%0,35=0,17.
Knananot ¢ nozapugmunecxo-iuneiinoil pabouetl pacxoonotl Xapaxmepuc-

MUKOL UMEeIOm 30HY NPUMEPHO JUHEUH020 pezyauposanist 6 WuUpoKom Jua-
Nna3one USMEeHEeHUA 0614620 BHEWHeZ0 asmopumema.

Pacxodnvie xapaxmepucmuxu k1anana me npemepnesaiom Cyuecmeeniozo
uamenenus npu suewrem asmopumeme 0,3...1,0.

Knananvt ¢ nozapugmuuecxo-auneiinoi xapaxmepucmuxou aydue 6cezo

100X0051m 015 Pe2yAUPOBaNUs MENnI00OMEHHUKOE C IUHETIHOTL XAPAKMEPUC-
MUK (BLICOKUM NEePenacom memMnepamyp menioHoCUMmens).
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6.1.3.4. AMHeNHO-AMHelHas paboyas pacxoAHasi xapaKTepucT1Ka

Kmamaner VS 2 (dy 2 20), VM 2 u VB 2 — 970 IByXX0/IOBbIE Ce/leTbHbIe
peryJupyole KaanaHbl, TPUMEHsIeMbIe ¢ PEYKTOPHBIMH 3JIEKTPOTIPUBO-
namu (puc. 6.16).

OCHOBHBIM OTJIMYHEM JdaH-
HBIX KJIaIlaHOB C TH/IpaBJINYEC-
KOM TOYKH 3peHuA, ABJIAECTCA
KOM6I/IHI/IpOBaHHaH pacxojHad
XapaKTepuCcTuKa, COCToAIaA 13
ABYX JIMHEHBIX XapaKTEePUCTUK.

V§S2d,220 VM2 VB 2 ITO KOHIIENTyaJlbHOE PElIeHne
Puc. 6.16. KaanaHb! € AUHEMHO-AVHEMHOM OTNTUMAJIBHOTO PETyTMPOBAaHN,
PACXOAHOW XapaKTEpHCTUKOM P KOTOPOM IPUMEHEHbI JIU-

HEWHbIEe 3aKOHBI PETYJIUPOBAHMS
C Pa3JIMYHBIM HAKJIOHOM PACXOHBIX XapaKTePUCTHK. TaKoii moaxo1 mo3Bo-
JIIeT AUCKPETHO NPUOIUBUTHCS K JOTapu(pMUUYECKOMY PETYIMPOBAHIIO
(puc. 6.17). IIpu aTOM peamn30BaHbI MOJOKUTETbHBIE CBOWCTBA JIMTHEHHOTO
3aKOHA PETYJUPOBAHUS — CO3/[AHUE YCTOMUNBOTO PETyJINPOBAHUS KiaraHa
BOJIMBU TIOJIOKEHUST 3aUPaHus, U JIOTapU(pMITUECKOTO — MPUOIMKEHHE K
HleaJIbHOMY YITPABJICHUIO TEILJIOBBIM MOTOKOM TEILIOOOMEHHOTO MPprOOpa.
ViV10 YcroitunBomy pery-
JINPOBAHUIO BOJIM3U 30-
HBI 3allIpaHust CHoco0-
CTBYET HE3HAUNTEIbHBII
HaKJOH JWHEWHOU Xa-
pakTepuctuku. B xpy-
TON YacTW XapaKTepuc-
/ TUKK 0becredeHo ObIcT-
Y poe u TpebyemMoe m3Me-
Rl I - /, 7 HEHMe pacxo/ia TEerJIoHO-
: s CUTEJIS.

0,8

NVHENHO-NNHEeHasn

0,6

0.2 / ~ lledopmaruio  siu-
/// | norapudmmueckas HeUHO-JINHEeNHON une-
AJILHON XapaKTepucTH-
KW, TTPOUCXOAIIYIO TIOJL
0 0.2 04 06 08  h/hyy BIUSTHEEM MTOJTHOTO
BHEIITHETO aBTOPUTETA
KJIaIaHa, MoJy4yaioT cJIo-
JKeHreM ypaBHenuii 6.15.
B xaxmoe ypaBHeHUE

Puc. 6.17. AMHeMHO-AMHENHas nAeaAbHas pac-
XOAHasl XapakTepUCTMKa KAanaHa
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BBOJAT KO3 DUIIMEHT TPOIOPINOHATBHOCTH ¢ (cM. ypaBHeHue (6.9)), ompe-
NEJSIONMIT HAKJIOH PacXoAHoil xapaktepuctuku. O6JacTh JOMYCTUMBIX
3HAYeHUl ypaBHEHU yCTAHABIUBAIOT 10 TIOJIOKEHUIO MITOKA B TOUKE CO-
HMPUKOCHOBEHUS TIPSIMbIX.

Pacxoanast XapakTeprcTHKa KJaraHa npu 00ecIieueHur ero BHEIHEro
asroputera a = 0,5...1 CyIIECTBEHHO HE M3MEHSIETCST, TIOITOMY TTOA060p KJia-
[aHa OCYIIECTBJSIOT AHAJIOTUYHO TpuMepy 6.5. VneanbHbIx yciaoBuii pery-
JIMPOBAHUSI TEILIIOOOMEHHUKOM JIOCTUTAIOT TIPU YCTAHOBKE KJIAalaHa 110 CXe-
Me Ha puc. 6.3,r (TIepBbIil KIarmaHn).

Junetino-nuneiinolil 3axK0n pezyauposanis 006e0unsem noioNCUMeIbHbLe
yepmul IUHELH020 U J02aPUPMULECKO20 3AKOHOB.

Knanamwt ¢ runetino-nuneiinoi paboueii pacxoonoi xapaxmepucmuko 06ec-
NeUUBArOM PezyiUpOSaHUe No 3aKoHy, NOOOOHOMY K 02apUPMUUECKOMY.

B mennosom nynxme ons pezyauposanus meniogozo nomoxa meniooomen-
HUKOB C GbINYKIOLU XAPAKMEPUCTIUKOL HAULYUUUM 0OPASOM NOOX00SM
KAANAamvl ¢ IUHEUHO-TUHEHOU padoyetl pacxoOHOl Xapakmepucmuxoll.

6.1.4. PacxoAHble XapaKTEPUCTUKM TPEXXOAOBbLIX KAAMaHOB

TpexxoQ0BOi KallaH IMPUMEHSIOT I PasieeHusl THAPaBInIecKOro
KOHTYpa Ha KOHTYD C IIEPEMEHHBIM 1 KOHTYP C IOCTOSHHBIM IHIPABINYEC-
KIM PEKUMOM. B 0HOM 113 KOHTYPOB PacIioyaraioT 00beKT PEryIMPOBAHILL,
B IPYIOM — MCTOYHUK TEILIOTHL. 11pu 9TOM pery/upoBanue 00beKTa PEryJim-
POBaHUsL, €C/IM OH HAXOAUTCS. B KOHTYPE C IIEPEMEHHBIM PEKUMOM, OCYILECT-
BJISIIOT Ka4eCTBEHHO-KOJIMYECTBEHHBIM CII0CO00M, a €CJIN B KOHTYPE € IIOCTO-
STHHBIM PEKUMOM, TO — TOJBKO KAUECTBEHHBIM.

[IpencraBnennbie Ha puc. 6.18 KnanaHel SABISIOTCS celebHbIMU. Bee
OHU IIPeAHA3HAYEHbI JJIsI COBMECTHOI pabOThI ¢ IPUBOLAMMU.

B saBucumoctu 0T crocoba
YCTAHOBKU OTHOCUTEIBHO HAcoca
TPEXXOJ0BbIE KJAIAHbI ObIBAIOT
CMEINIMBAIOIIUMI 1 Pa3 e IIOII-
mu (puc. 6.19). B mobom ciyuae
HACOC PACIIOJIOAKEH CO CMEIINBAIO-
mei croponsl, 4yToObl usbexars VMV 3 VRB3 VF 3
HYyJIEBOIO PACXOZA Yepe3 Hero IIpu
3aKpBIBAHUU KaKOTo-aubo U3
IIPOXOJI0B Y€Pe3 KJIAIlaH.

Puc. 6.18. TpexxoaoBble KaanaHbl
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—G%— O

I | ;

AB%A

a 6 B

Puc. 6.19. YcTaHOBKa TPEXXOAOBbIX KAAMAHOB: @ — Ha CMeLUMBaHME B MOAA-
fouiem TPyOOrnpoBoAe; 6 — Ha passeeHue B roaaouem Tpybo-
MPOBOA€E; B — Ha CMmelumBaHue B oOpaTHom Tpybornposose; 1 —

MCTOYHMK TENAOThI; 2 — TPEXXOAOBOH KAarnaH; 3 — Hacoc; 4 — ro-
TPEOHTEAL TENAOTHI

Tpexxo0BO¥l KJIaTiaH pasesisieT CUCTeMY Ha TPU BETBH (KOHTYPA) — OTHY
C TIOCTOSTHHBIM PEsKMMOM, 0603HaueHHY 0 AB Ha puc. 6.19, 1 1Be ¢ niepeMen-
HbIM, 0603HaueHHbIX A 1 B. Cxemy Ha puc. 6.19,a npuMeHstioT st cHabsKe-
HUS TOTPEOUTEIS TOCTOSTHHBIM PAcX0IoM TerioHocuTeist V4 g. O6mmmii pac-
XOJI TEIJIOHOCHUTENIST V4p B KJIallaHe PaBeH CyMMe PacXo/loB B MPSIMOM V4 1
MePIeHNKYISIPHOM Vg KaHamax. PeryinpoBanue TEMI0BOTO TOTOKA MTOTPe-
OUTEJIS TIPU 9TOM OCYHIECTBJISIOT M3MEHEHUEM TEeMITEPATyPhl TT0aBaEMOTO
TemjoHocuTesist. TpebyeMyto TeMIiepaTypy TEIJIOHOCUTEIS Y ToTpebuTes 4
JOCTUTAIOT MyTeM TepeMellleHusT NIToKa kianaHa. [Ipu atom msmensiercs
MTPOTIOPITUS MEKILY BOJION C PAcXo/ioM V4 OT UICTOUYHUKA TETIOTHI 1 1 mojiMe-
HIMBaeMoi BO0# ¢ pacxoaom Vg ot otpeburens 4 (OXJIaxAeHHO’, Halpu-
Mep, B cUcTeMe OTOoIIeH s ). Pacxon V4 MOKET U3MEHSIThCS OT HYJIST 10 V4.
EcJii 1o ycsioBUsIM 9KCIIIyaTal[ii HCTOUHIKA 1 He0OX0ANMO TOAEPKIBATH
pacxoji V4p Ha TIOCTOSTHHOM YPOBHE, TO YCTaHABJIUBAIOT TPEXXOI0BOI KJla-
aH 1o cxeme Ha puc. 6.19,6. B aToMm ciryuae kiarmaH paboTaer Ha pasjiesieHie
MTOTOKOB, a PACX0/l TeIJIoHOCcUuTe s Vg v oTpeduTeist 4 GyaeT n3MeHSIThCs
ot HyJist 10 V4. TTocTostHHBIN pacxos B McTouHUKe 1 obecrednBaT Takxke
C WCIIOJIb30BAHUEM CMENIMBATOTIETO KJIANaHa, YCTAHABIMBAEMOTO IO CXEMe
Ha puc. 6.19,8. /lannyio cxeMy MPUMEHSIOT ¢ KJIallaHaM1, KOTOPbIe He TIpe/l-
Ha3HAYEHBI JIJIsT PA3/IeIEHUs] TIOTOKOB.

YnpaBiieHre TOTOKaMK TETVIOHOCHUTEST B KaHA/IAX OCYIIECTBIISTIOT Iepe-
MeIEHNEM NITOKA 2 ¢ 3aTBOPOM 3 OTHOCHUTEHHO PETYIUPYIONINX OTBEPCTHI
4 (puc. 6.20). Ilpu atom, ecst OIHO OTBEPCTHE OTKPBIBAETCS, TO JIPyTOe —
MPUKPBIBAETCS. 3aTBOP 3 TPOMUIMPYIOT € JIBYX CTOPOH TSI KAYKIIOTO U3 OTBEP-
CTUil 4. Y CMEIMBAOINX KJIATAHOB 3aTBOP HAXOIUTCS MEKITY OTBEPCTUSIMU 4
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2

(puc. 6.20,a), y pasupensio-
mux — 3a HuMmu (puc. 6.20,0). A
Coueranue ¢Gop™m TOBEpPX-
HOCTU 3aTBOPOB KJiallaHa
IUI KQKAOTO U3 OTBEPCTHI T
oTIpeiesiIeT COOTBETCTBYIO-

e pacXO/HbIe XapaKTepu-
ctuku. [loaTomy xapakTe-
PUCTUKH TPEXXO/IOBBIX KJa-
MaHOB WMEIT JBOWHOE
obo3HaueHue —  JIMHEI-
Has/nuHelHas, Jorapud-
Muveckas/gorapudmudeckas, jgorapupmudeckas/auneiinas u 1. 1. Ilep-
BBIM CJIOBOM YKa3bIBAIOT 3aKOH PErYJUPOBAHUS, IPUMEHIEMBIN K TIPIMOMY
MOTOKY, BTOPBIM — K TIEPIEHIUKYJISPHOMY TIOTOKY.

[l TPexXo/IOBBIX KJIAIAHOB CIIPABEJINBBI BCE 3aKOHOMEPHOCTH, Pac-
CMOTpPEHHbIE paHee [JIsl IBYXXOJOBbIX KJANAHOB. JTO AET BO3MOKHOCTD
noJrydeHust paboueil pacXoHON XapaKTEPUCTUKY CIOKEHUEM COOTBETCTBY-
I0HMX pabounX XapakTePUCTUK KJallaHa Yepe3 TPsAMOil U TiepIeHAnKYIsp-
HBIN KaHasbl. /(g ynpolienns MOHUMaHUs U3JI0KEHHOTO TPEeXXO/IOBOH KJia-
MIaH YCJIOBHO TIPEJICTABJISIOT B BUJIE IBYX JIBYXXO/IOBBIX Ki1araHoB (puc. 6.21).
Toraa o0IIy10 PACXOHYI0 XAPAKTEPUCTHKY TPEXXOJIOBOTO KJIATIAHA TTOJTyda-
10T CJIOKEHUEM COOTBETCTBYIOIIUX PACXOJHBIX XapaKTEPUCTHUK JBYXXOJO-
BBIX KJaltaHOB (puc. 6.22...6.24).

3

T
- 3

B

a 6
Puc. 6.20. Cxema  TPeEXXOAOBbIX KAamMaHoOB:
a — cMmewmBaroutero; 6 — pazaesiio-

wero; 1 — kopryc; 2 — wiok; 3 —3a-
TBOP; 4 — peryAupyioLme oTBepCcTms

3 4
A AB@ AB A
[ @ I [ >
1\ \ TB B
2 |
B
I
AB A
a %) B

Puc. 6.21. MuTepnpeTtaums TPeXXOAOBbIX KAAMNAHOB: @ — Ha CMeLIMBAHUE B
noAatouem TpyborposoAse; 6 — Ha pasAereHue B MoAalolem
TPyOOIPOBOAE; B — Ha CMeluMBaHue B 0O6paTHOM TpybOOpoBo-
A€; OCTaAbHble 0003Ha4YeHNs1 CM. K puc. 6.19

[Iprmenenme TPeXXOOBOTO KJANlaHA C JIMHEWHON /TMHEHHON XapaKTe-

puctukoil (puc. 6.22) gomycTuMo B cucreMax 6e3 jKeCTKUX TpeOOBaHWH K

obecriedeHnio cTabMIBHOCTH PAcXo/a TETMIOHOCUTES. Y MaHHOTO KJamaHa
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0,2

>
0.1 01 =T ‘:110‘\\\
0 01020304 0506 07 0809 1,0 hih 0 0102 03 04 0506 07 08 09 1,0 h/hy
Puc. 6.22. AuHenHas/AvHenHas pa- Puc. 6.23. Aorapudpmmueckas/ao-
6ouas pacxoaHas xapak- rapupmmyeckas pabo-
TepUCTUKA TPEXXOAOBOTO Yasi pacxoAHasi Xapak-
KAanaHa TEPUCTUKA TPEXXOAO-
BOIO KAaraHa
ViVioo 1,5 0.1 o
4 ' cyMMapHbIil pacxos V4p ocTaeTcsa
13 AB N\ CTaOMIILHBIM HE3aBUCHMO OT XOJIa
12 HITOKA TOJIBKO TIpu @™ = 1, 4T0 ¢
11 03 \ MPAKTUYECKON TOUYKU 3PEHUS SB-
/// I
10 - JigeTcs HelOCTIKUMBIM. Bo Bcex
=1 __{0,5~
09 ~ 7 OCTAJIBHBIX CJIyYasX IIPOUCXO/NT
N[00 /
08 otk 7/ YBEJIMYCHUE CYMMApHOIO IIOTOKA.
o7 10 X/ Taxk, npu a* = 0,5 aT0 yBeIUYeHUE
06 037X\ cocrasJisger npumepHo 1,3 pasa, a
oe 05 ©=001-18 ¢
o \ npu a” = 0,01,— 1,8 pasa. Creno-
04 s
\ BaTeJIbHO, NI JIOCTUKEHUS CTa-
A \\ GUIBHOCTH CYMMApHOTO II0TOKa
0,2 ~a" =1,0 y p
o == N HEOOXOIMMO YBEJIMYUBATH IOTE-
: A B
pU /laBJieHUd Ha KJjaraHe, 4To He

‘ ‘
0 0102 03 04 0506 07 08 09 1,0 hihy
ABJIAETCA JIYUIIUM PeELIeHUEM C

Puc. 6.24. Aorapudpmmnueckas/AMHen-  Toykn 3peHnsi dHEpPromnoTpediie-
Has paboyas pacxoaHas HUSL
XapaKTEPUCTMKA TPEXXO- Hecko/IbKO MHbIE 3aKOHOMED-

AOBOTO KAanaHa HOCTM H3MEHEHUA CYMMapHOTO

IIOTOKa B 3aBUCHUMOCTHU OT aBTOPUTETA Ha6JIIO}Z[aIOTCH B TPEXXO/I0OBOM KJlallaHe
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¢ JiorapuMudecKkoii/morapudmMuyeckoii pabodeil pacxoHON XapaKTepruc-
TUKOH, pe/icTaBaeHHoii Ha puc. 6.23. Crabuansanum cyMMapHOro TTOTOKa
HE3aBUCHMO OT XOJIa MITOKA IOCTUTAIOT TIpU aBTopuTeTe a* = 0,2, YMeHbIie-
HUE aBTOPUTETA KJIallaHa yBeJIMYUBAET CYMMapPHbIH TIOTOK, YBeJTMYeHUE aB-
TOpUTETa — yMeHbIaeT ero. Takum 06pasoM, B IaHHOM KJianaHe KouebaHus
CYMMapHOTO TIOTOKA MOTYT KaK MPEBBIMIATH, TAK U OBITh MEHBIIUME OT HO-
MUHAJIBHOTO 3HAYeHUs. ITH KoJebaHus B Mana3oHe MOJHOTO BHENIHEro
asropurera ot 0,1 10 1,0 cocrasistior ipumepHo +15 u —55 %, B oT/im4me ot
+80 % y KkJanana c JIMHeHOo/TMHeHOI XapaKTePUCTUKON.

PaccmorpenHble 3aKOHOMEPHOCTH KJIaliaHa ¢ Jiorapugmuieckoii /mora-
pudMudIecKoil pabodeil pacXoLHON XapaKTEPUCTUKON oIpeneser 0cobeH-
HOCTD €ro nmpuMeHenus. Hampumep, B y3Jie cMelMBaHUs TEIJIOHOCUTEIIS B
TemoBoM IyHkTe. Ecm o0muil BHENIHUI aBTOPUTET KJIallaHa 110 OTHOIIe-
HUIO K paciojiaraeMoMy JIaBJI€HNIO CUCTeMbl oTorieHus a* = 0,2, To 1715 110-
JIyUEHUs JIMHEHHOTO PETYJINPOBaHUsT cMeceobpa3oBaHus HeOOXOUMO Tiepes
KJIAIIAHOM CO CTOPOHBI TEIJIOCETH YCTAHOBUTH ABTOMATUYECKUI PETYJIATOP
nepenazia JaBjaeHus, a MesKLy HUIMH — JIOTIOJTHUTEJIbHDIH 97IeMEHT PeryJiupo-
Bauust. VIm MoskeT ObITh, HarrpuMep, auadparma (Jaydiire pyqHoOil peryanpy-
IOIUIT KJIAMIAH ) ¢ OTHOCUTEJIBHBIM CONPOTUBJIeHUEM rprmMepHo 80 % oT aBTo-
MATUYECKH TOJJIEPKMBAECMOTO PETYJIATOPOM Tiepenaza JlaBjieHus. B atom
cirydyae oOIIUI BHEITHIIT aBTOPUTET KJIAMIAHA CO CTOPOHBI TEILIIOCETU COCTA-
But a* = 0,2, ecsm ero 6a3oBbiil aBropuTeT 6/1130K eauHuie. Co CTOPOHBI CHC-
TEMBI OTOTLIEHHST HEOOXOIMMO TAKsKe 0OECTIeUNTh JIMHEIHOCT PEryIMPOBAHUS,
T. €. 4TOOBI €€ CONMPOTHBJIEHUE COCTABJISIO TpuMepHo 80 % OT aBTomMaTnye-
CKHU MOJIZICPAKUBAEMOTO JIaBJIEHUS HA 1I€PEIyCKHOM TTepeMbluKe, yCTaHABJIH-
BaeMOoIii 32 y3JIOM cMellTuBaHug. Ecjin paccMaTprBaeMbIM KJIAllaHOM PeryJiu-
PYIOT TEIJIOBOI TOTOK Kajiopudepa 1o TeMIiepatype Bo3ayxa 3a HUM, TO JIJId
JOCTUKEHUST UJICJIBHOTO PEryJIMpPOBaHUSA KajJopudepoM cieiyeT coBMe-
MIaTh PACXOJHYIO XapaKTEePUCTUKY KJallaHa ¢ XapaKTepPUCTUKO Kasopude-
pa, T. e. OCTABJIATH UCKPUBJIEHHOI. B sio6oM cirydae, HEOOXOAUMO OCMbIC-
JIEHHO TIOJIXO/ITh K BBIGOPY KJIanaHa W ONEeHUTh B3aUMOJIEHCTBIE ero pac-
XOJIHOW XapaKTePUCTUKU € XapaKTEePUCTUKON 0ObEeKTa PeryJupoBaHus,
KOTOPBIM OH YIIPaBJIsieT.

Uepes Tpexxo;0BOIl KJalmaH MPOXOIAT /IBA MUPKYIAIIMOHHBIX KOJIBIIA.
Kak npaBuJio, 3T KOJIbIIa UMEIOT PA3JIMYHbIE THAPABINYECKIE COITPOTUBJIE-
Hug. [loaToMy MIMPOKO MPUMEHSIOT KJIAllaHbl C COBMEIIEHNEM PA3HbIX 3aKO-
HOB PETryJIMPOBAHUS TOTOKOB TEIIJIOHOCUTEJIS, HAIPUMeD, ¢ JioTapudmuye-
CKUM/JIUHEHHBIM 3aKOHOM. Pabouast pacxo/[Hast XapaKTEPUCTUKA TAKOTO KJla-
naHa nokasaHa Ha puc. 6.24. CraGum3saiusi CyMMApHOTO [IOTOKA B HEM HE3aBHU-
CHMO OT XOJIa LITOKa Iporcxomut pu a* = 0,4. Konebanus pacxona TeILIOHOCH-
tesisg B quanasone at = 0,1...1 coctaBistior +50 u —30 %. Takue kosebanus
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rOpasjio MpeAroyTUuTesIbHee, YeM y paHee PAaCCMOTPEHHBIX TPEXXOA0BBIX
KJIATIAHOB JIJIST TEIIOOOMEHHbBIX TIPHOOPOB, TaK KaK U3MEHEHHUE TEIJIOBOTO
MIOTOKA B 3HAUMTEIBHON Mepe 3aBUCUT OT CHUKEHUS PACcXo/ia U TIOYTH He 3a-
BUCHT OT €T0 yBEJIMYEHUS OTHOCUTEIbHO HOMUHAJIBLHOTO PACXOJIA.

ITpu m1060i1 pacXoMHOI XapaKTePUCTUKE KJANaHa B OOJIbIIEN MIM MEHb-
1ieil cTereHn MOTYT OBbITh OTKJIOHEHHSI CYMMApPHOTO PAcXofia. ITU OTKJIOHE-
HUist, GE3YCITIOBHO, JIOJKHBI OBITH OFPAHMYEHbI TPABUIILHBIM TIO00POM KJIara-
Ha. B eBporneiickoii mpakTuke moa6opa TPeXX0[0BbIX KJIAMAHOB TPUEMIEMOE
otkyionenue — 10 10 % [43]. Jlust osydeHus: Takoro OTKJIOHEHUsT paccMar-
PUBAIOT [[BA PETYJIUPYEMbIX YUACTKA, TPOXOAAIIUX Yepe3 TPEXX0/[0BOH KJla-
naH, 1 06eCIeYynBaIOT Ha HUX COOTBETCTBYIOIINE OOIIE BHEIITHIE aBTOPUTE-
THI Uepe3 PeryJupyoIuii 1 06BoAHON KaHasbl Kianana. Hanbosee npocTbiM
B OCYIIECTBJIEHUU ABJIAETCA 0OecieueHne OJIMHAKOBOrO BHENTHETO aBTOPUTE-
Ta KJanaHa Ha 060UX PeryJMpyeMbIX ydacTKaX. SHAYUTEILHO YIIPOIaeT 3a-
Jlauy U IPOU3BOINTE]b KJIAlaHa, co3/[aBas ero ¢ Ga30BbIM aBTOPUTETOM TIPU-
MEPHO PaBHBIM €/ITHUIIE.

OO6mmuii OTHOCUTEIBHBIA PACXOJ] TEIJIOHOCUTEJNSI B PACCMOTPEHHBIX
TPEXXO/IOBBIX KJIallaHaX OIPE/IeIAI0T CyMMUPOBAHIEM OTHOCUTETHHBIX Pac-
XOJIOB B PEryJIMPYyIoIieM 1 06BOAHOM KaHasax. [Ipu aToM aBTOpUTETHI Kia-
MaHa yepe3 pasHble KaHaJIbl MOTYT ObITh pasndyHbl. COOTBETCTBEHHO OYyT
OTJINYATBCA CyMMapHbIC PACXO/[HbIe XapaKTEPUCTUKU OT MPUBEICHHBIX HA
puc. 6.22..6.24. OtHOoCUTe/NbHOE M3MEHEHME CYMMapHOTO Pacxojia uyepes
TPEXXO/IOBOH KJIATlaH B 3AaBUCHMOCTH OT €r0 aBTOPUTETOB YePe3 Peryanupyio-
Uit 1 0OBOIHON KaHAJIbI PACCYUTHIBAIOT TI0 CJIE/LYIONUM (DOPMYJIaM:

1pu JIMHEHHON /TUHETHON PacXOMHON XapaKTePUCTUKe —

Vis _ 1 N ! . (6.29)

+ +
VABmu 1-at

49 . a
(h/hwo)2

tr ¢
[(1=R)/ by, ]

1pu JorapuMUUecKoii /J1orapuMUIecKoil PACX0/IHON XapaKTEPUCTUKE —

V 1 1
a5 = + ;. (6.30)

VAB a’ a’
100 + +
l-a + JERUPEY I-a" + 2= hgo=11

1pu JorapuMUUeCKOii /THHENHON PACX0HOM XapaKTePUCTUKE —

Vs _ ! + ! . (631

VABmo \/1_a++a+ 1—a++(17+
&2 1) [(1 = h)/ g, ]2
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CrieryeT OTMETUTD, UTO B KAJK/JIOM COCTABJISIONIEM 9TUX YPAaBHEHU 110JI-
HBIY BHEIIIHUI aBTOPUTET OIIPEIEIIOT [IJIsI COOTBETCTBYIONIETO IUPKYJIAIU-
OHHOTO KOHTYpa.

Hpumep 6.11. IIpoexmupyrom mennosoi nyuxkm c
omeemeieHuem Ha Kaiopupep npumouyHou Cucmemol
genmuisyuu. Pacuemuwiil nepenad memnepamypol men-
nonocumens 8 kanopugpepe At =120 — 70 = 50 °C. Xa-
pakmepucmuxa kaiopugepa — auneiinas. luopasiuuec-
Kutl pexcum xaropugepa — nepemennviid. Tuopasnuuec-

Koe conpomueiienue KOHmypa meniocHadiCeHus: Kaio- 5
pupepa cocmasasem 0,07 6ap (na puc. cnpasa om 06- AB&]A
600H0IL nepemvruki). Tudpasiuueckoe conpomueienue

06600n0i nepemviuku — 0,03 6ap. Tudpasruueckoe conpomusnenue Konmypa
ucmounuxa meniomut — 0,05 6ap (na puc. cresa om 06600HOU NEPEMbIUKIL).
Homunanouoiii pacxod menionocumens uepes kianan — Ny = 1,9 m3/u.

NCTOYHUK
TEMNOTHI
KATTOPUDEP

Heob6x00umo nodobpams mpexxodosoil kianai.

Pewenue. O6vexmom pezyruposanus sesemcs kaiopugep. /lns obecne-
YEeHUSL IUNETIHO20 PEYNUPOBAHUSL MENJLOBIM NOMOKOM KALOpUpepa, umerowe-
20 JUHETHYI0 XAPAKMEPUCTRUKY, HEOOX00UM PeyAupyrougutl KIanan maxice ¢
JIUHETHOU PACXOOHOT XaAPAKMEePUCMUKOU 6 pezyiupyiouem xonmype. Boiou-
paiom mpexxooo80i KAANam ¢ JUHEUHOL,/ TUHEHOU PACXOOHOU XapaKmepuc-
MUKOU.

Bouipasnusarom enewnue asmopumemvi mpexxo006020 KIANAHA Yepes
UUPKYIAUUOHHDLE KOTLUA, M. €. YPAGHOBEULUBAIOM UOPABIUUECKOE CONPOMUE-
JIeHUe UUPKYISUUOHHBIX Koey. [IsL 5mo2o Yycmanagiusarm na 00600HOU ne-
pemvluKe ONOIHUMENIbHbLL 08YXX00060TU PE2YIUPYIOULUIL KIANAH, CO30AI0UULL
nepenad dasnenus 0,07 — 0,03 = 0,04 6ap. Hornoe conpomueienue 1106020 u3
KOHMYPOB ¢ NEPEMEHHbIM — 2UOPABIUUECKUM — PEHCUMOM — COCNABTSEM
0,05 + 0,07 = 0,05 + 0,03 + 0,04 = 0,12 6ap.

Obecneuusaiom donycmumoe OMKIOHEHUE OMHOCUMENIHHO20 CYMMAPHOZO
pacxoda ne 6onee uem na 10 %, m. e. NNy = VN9 = 1,1. s amozo no au-
HeHOU/IUHEHOT PACXOOHOU XapaAKMepucmuke mpexxo0o6020 Kianama
(puc. 6.22) onpedensiom munumanvioe snauenue 0oue20 GHEULHe20 AGMOpU-
mema xaanana npu N/N1gy = 1,1, xomopoe coomeemcmeyem a* = 0,8. Tozda
u3 ypasuenust (6.7) paccuumuleéarom nomepu 0agieHUs HA KIANAHE, eClu €20
basoswiil asmopumem ag = 1, —

AP, _ AR p _O0M2a_0I2x08 o0 p
AP 0,12+ AP, l-a 1-08
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ITo ypasrenuio us tabu. 6.1 HaxoasT TpedyeMyio MAKCUMAIbHYIO TIPO-
MYCKHYIO CIIOCOOHOCTD KJanaHa (IJIOTHOCTH TETIOHOCUTEJIST TPUHUMAIOT

p = 1000 xe/m>)

— VN _ 1’9 — 3 0,5
k, = Tar o 2,74 (M*/u)/6ap®.

Io kamanozy [62 ] sbiGuparom mpexxodosoil pezyrupyrousuil Kianam ¢ iuHeti-
HOU/MUHEUHOU Pacxo0roll xapakmepucmukotl, oauskoi x udeannot (ag = 1).
Imo kaanan VMV dy = 15 MM ¢ MAKCUMATBHOL NPONYCKHOT CROCOBGHOCMDIO
kys = 2,5 (M /u)/6ap®>. Knanan ciedyem svibupams ¢ 6audcaiiueis menvuienl
MAKCUMATBHOU NPONYCKHOL cnocobrocmoio. Tozda ez2o 06wuil enewnuii asmo-
pumem 6ydem menvwe 0,8.

IIo ypasnenuro (6.13) ymounsrom nomepu 0asienus Ha Kianaue

B Vi 19’
kL 2,5

=0,58 Oap.

Hannwviii nepenad dasienus yoosremseopsaem mpeboeanuio npoussooume-
120,58 < 0,6 6ap no obecneuenuio pabomocnocoGHOCU SAEKMPONPUBOOd, KO-
MOPBIM KOMIIEKMYIOM 8blOPAHHBLIIL KIANAH.

BosBparasgach k paccMOTpEHHOMY TIPUMEPY, MOKHO CIeJIaTh ITPaKTHye-
CKHUil BBIBOJL 00 00JIACTH IPUMEHEHUST TPEXXOOBIX PErYJIUPYIONIUX KJIa-
MaHOB ¢ JUHEHHOU /IMHENHON PacXOAHON XapaKTEePUCTUKON B cXeMaX Ha
puc. 6.19,6,s:
® COINPOTUBJIEHUE KJIATTaHA TOJIZKHO TIPEBBIINATH CONPOTUBJIEHNE CUCTE-
Mbl (6e3 yueTa COMPOTUB/IEHNUS KjamaHa) Gojiee 4eM B 4eThIPe pasa
(0,48/0,12 = 4);

® COINPOTUBJIEHUE KOHTYPOB C IEPEMEHHBIM THIPABIUYECKUM PEKU-
MOM HEOOXOAMMO BBIPABHUBATD JIOTIOJHUTETBHBIM PEryJIUPYIONIM
JIBYXXO/IOBBIM KJIAITAHOM.

[Tpu coboIeHU I TIepeYnCIeHHBIX YCIOBUH BBIGOP KJaliaHa OCYIecT-
BJISIIOT 110 ypaBHeHUI0 u3 Tadir. 6.1. OTKIOHeHHEe CyMMapHOTO pacxoja He
npesbicut 10 % OT XapakTepUCTUK KJIAIAHA, IIPEI0CTABIISIEMbIX TIPOU3BOIM-
TeJeM B TEXHUYECKOM OIMCAHUU KJIallaHa.

Ecau 661 B ipumepe 6.11 G kasopudep ¢ BBITYKIOH XapaKTepUcTH-
KOii, TO ¢J1e/[oBasio Obl yYUTBIBATD 9TY UCKPUBJIEHHOCTD TIPY BHIOOPE pacxoji-
HOM XapaKTepUCTUKU TPEXXOJI0BOTO PETYJIUPYIONIETOo KianaHa. B aTom ciy-
yae HeOOXOAUM KJAllaH ¢ BOTHYTON PacXO[HOM XapaKTepUCTUKOI, T. €. ¢
JIoTapudMUUECKO /TMHEHHON PACXOIHON XapaKTePUCTUKOM.

HeckosbKO 1mo-uHOMY HOAOMPAIOT CMENIMBAIOIINN TPEXXOI0BOM KJla-
MaH [PY 3aBUCUMOM TIOIKIIOUeHNH abOHeHTa K TeTIoBoi ceT. Oco6eHHOCTh
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COCTOUT B TOM, 4YTO B 5 2a AB 34 AB
KOHTYPE HCTOWHIKA E} E}B
TEIJIOTHI €CTh CETEBOM 4 B

Hacoc. Buemmnuii aBro-  \
PUTET PETyJIUPYIOIIEero
KaHaJa KJalaHa ompe-
JIEJISTIOT OTHOCUTEIHLHO
pacroJiaraemMoro JiaB- |
JIEHUSI CETEBOTr0 HACOo-

ca, a CMeIIMUBaIoIero a 6

KaHajla — OTHOCUTEJILHO

PacIoIaraeMoro JaB- Puc. 6.25. YcTaHOBKa CMeLWMBAIOWNX TPEXXOAO-
BbIX KAQMaHOB C AOrapUhMUUECKON/AK-
HEMHOM PACXOAHOW XapaKTePUCTUKOWN:
a — AMHebiHoe peryanpoBaHme obbeKTa;
6 — Aorapughmmyeckoe peryrmposaHme
TOPUTET pery.1ipyio- 00beKTa; 5 — PeryAsiTop neperasa Aas-

Men  4acTn  KjiallaHa AEHUS; OCTaAbHble O0OO03HAYEHMS] CM.
OyzieT O4YeHb MaJIbIM. K puc. 6.19

M3s6eraior aToro ycra-

HOBKOU aBTOMAaTUYECKOTO PETYJIATOpa Mepernajia IaBjaeHus epe/l TPeXxo710-
BbIM peryaupyiomum kiamnanom (puc. 6.25). Torna BHenHuii aBTOpUTeT pe-
TYJIUPYIOTIEH YacTh KJanaHa olpeessioT M0 OTHOIEHUIO K aBTOMATHYECKU
MO/IIEP>KIBAECMOMY TIeperajly aBJacHUS.

TMosoxuTeabHbIM (haKTOPOM yJydiiieHus: paboThl KJamaHa ¢ jorapud-
MUYECKON /MMHENHON PacXOIHOU XapaKTEePUCTUKON SBJISETCSI OTCYTCTBUE
macdparMbl MEXKAY PETYJSATOPOM Iieperajia AaBJeHUS U PeryJIupyloinum
KJIAMIAHOM, 4TO oGecreynBaeT BHEITHUN aBTOPUTET PETyJIUpPYIONiell yacTu
TPEXXO/IOBOTO KJallaHa NMPUMEPHO PaBHbIM eauHuIle. [IpuMenenune Takoi
CXEeMbI UMEET HEKOTOPBIE OCOOEHHOCTH, BHITEKAIOIIIE U3 3aKOHOB PETryJIUPO-
BaHUsL: JIOTapU(MIIECKOMY 3aKOHY TpUCyTa OOIbIIAs MOTPEITHOCTD PEry-
JIMPOBAHUS, YeM JIMHEHHOMY 3aKOHY NPU MPUOIMKEHIH 3aTBOPA KJlallaHa K
3aKPBITOMY TOJIOKeHUI0. PaccMaTpuBast paboTy TaKOTO KJallaHa B TEILIO-
BOM ITYHKTE JIJISI TTOJIy4€HUS CMECH TEeIJIOHOCUTEJIS, MOKHO OTMETUTD CJle-
AyIOIIee: KJIAnaH co CTOPOHBI TIO/IMENTUBAOIIEr0 KaHajia HUKOT/[a He ObIBaeT
3aKpBIT, B TO BpeMs, KaK C peryJupyioiieil CTOPOHbI (CTOPOHBI TETIOCETH )
ero 3akpbiTve ObIBaeT BeCbMa 4acThiM. VI3 9TOr0 ciieiyer BBIBOJ, UTO ISt
obecriederus Gosiee TOUHOTO JIO3MPOBAHUS CETEBOMN BOJIBI JKEIATEIBHBIM SIBJIsI-
eTcs IpUMeHeHNe JJMHEHHOTO 3aKOHA PETYJIMPOBAHUS, T. €. BADUAHT ITPUMEHe-
HUS KJIallaHa ¢ TIePEBEPHYTBIM MOKIIOYEHUEM, UTO TIOKa3aHo Ha puc. 6.25,0.
OpHako Takoe TEXHUYECKOE pellieHue, KpoMe TI0JI0KUTEIbHBIX, UMEET U OT-
pHIIATETbHBIE CTOPOHDL. PacCMOTPHUM 3TO yTBEPsKIEHE TTOApoOHEE.

JICHUS HACOCA CUCTEMBI
oTomieHuss. B Takom
cjiydyae BHENIHWIN aB-
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ObecrieueHne BHEITHETO aBTOPUTETA PABHOTO €MHUIE HA OJHOM U3
KOHTYPOB, IIPOXOJISIIUX YePe3 TPEXXOJA0BOU KJIATIaH, YIIPOIIAET TPOEKTHbII
BBIOOD KJIATIAHA, TOCKOJBKY MPEIOCTABJISIETCS BOBMOKHOCTD OTIPE/IeIeHUST
ONTUMATIBHON 06JIaCTH €ro TIPUMeHEeHUsT. DTy 06JIaCTh TTOJYIAI0T CYMMUPO-
BaHUEM JIBYX PACXOHBIX XaPAKTEPUCTUK KJIAIIAHA, O/IHA U3 KOTOPBIX C I10-
CTOSTHHBIM OOIIMM BHEIITHUM aBTOPUTETOM a* = 1, a BTOpast — ¢ IlepeMeHHBIM.
[Tosryuennsie pesysbTaThl HpeicTaBieHbl Ha puc. 6.26. Cxeme ycTaHOBKU
KJamana Ha puc. 6.25,a COOTBETCTBYET PACXOJHAS XapaKTePUCTUKA Ha

puc. 6.26,a, a 6.25,6 — 6.26,0.
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Puc. 6.26. Aorapudpmmnyeckas/AMHENHAs PAaCXOAHast XapaKTepUCTUKA TPex-
XOAOBOTO KAanaHa npu a* = 1: a — no Aorapmgmmyeckori cocras-
ASIOLLEN,; O — 10 AMHEAHOM COCTABASIOLLEN

NN
S0

~

OnTumanbHast 00J1acTb IPUMEHeHUsT Kianana orpanndera 10 % oTkio-
HEeHUeM PAcXo/ia U Bbljle/IeHa 3allITPUXOBaHHON 30HOM. B 0boux ciyuasx 06-
JIACTH PACIOJIOKEHA B JMalia3oHe 0A30BbIX BHEIIHUX aBTOPUTETOB a° =
=0,1...0,3. 9710 1M0O3BOISAET, 1TO/ICTaBJASA B ypaBHeHUe (6.7) 1osydyeHHbIH 1a-
11a30H 3HAYCHWH U TPUHUMAs dg = 1, cZiesiaTh MpakTUYeCKUi BBIBOI: TPEXXO-
JIOBOI KJIaliaH 00eCIeunBaeT MoCTOSTHCTBO pacxo/a B npezesax 10 % oTkio-
HEHUs, €CJii OTHOIIEHHUE €r0 COIPOTUBJIECHUS K CONPOTUBJIEHUIO CUCTEMbI
ororieHust (6e3 ydera CONPOTUBJIEHUS CAMOTO KJAIaHA) COCTaBJISIET
0,11...0,43. JIubo conmpoTuBieHne cucTeMbl OTOMIeHNs (6e3 yuera compo-
TUBJIEHUS CAMOTO KJIallaHa) J0JKHO 6bITh B 2,3...9,0 pasa 6oJibIine conpoTuB-
Jenus kianana. Ciesyer OTMETUTD, YTO JAHHbBIE IMATTA30HbI TOJTYYEHbI TPU
ag=1.Y peanbHbIx Kaamanos ag < 1. Yem Menblie 6a30BbII aBTOPUTET KJIa-
naxa, TeM yske Oy/IeT aToT AnanasoH.
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Hwxuas rpanuiia mosiydeHHOTO AMana3oHa MPAKTHYeCKH COBIIAJAET C
oIpesieJIeHHON Tpanuiieil B [43], paBHOil 3. DT0 3HaUYEHIE HECKOJIBKO (GOJIbIITE
ueM 2,33, T. K. TOUHee BbIJIEPKAHO orpaHrdnBaoiiee TpeboBanue. Ha puc. 6.26
B HEKOTOPBIX MeCTaX 3alliTPUXOBAHHAs 30HA HE3HAYUTEJIbHO TTPEBBIIIACT
10 % orpanudyenue, T. e. Beixoaut 3a npezaesnt V., Voo = 0,9...1,0. Oxnaxo, mpu
paboTe CMECUTENLHOTO TPEXXOA0BOTO PETYIUPYIOIIEro KJAanaHa He BCeraa
3ajieficTBOBAaHA BCs 30HA XOJIa €r0 MITOKa, 0COOEHHO TIPH JIOJLKHOI paboTe
TenstoceT. YeM BbIllle Pa3HUIIA TeMIIEPATyp CETEBOM BOMBI U BOJIBI B CUCTe-
Me OTOTJIEHUS, TeM YKe 33/IeiiCTBOBaHa 30Ha Xo/a mToka. Tak, npu koahdu-
I[MeHTe CMelnBanus, paBuoM 2,2 (¢ TemrepaTypoii ceteBoii Bozbl 150 °C u
HepernajioM TeMIepatyp B cucreme ororvienus 93-70 °C), nosis pacxoza cete-
BOI BOJIbI OT pacxoja cmecu coctaBut 1/(1+2,2) = 0,31. Torna 3aneiicTBo-
BaHHAs 30HA X0/ [ITOKA KJalaHa P CTaOWIN3AIUK ero OOIIero BHelHe-
rO aBTOPUTETA I10 JIOTAaPU(DMHUUECKOI COCTABJISIONIEN PACXOJHON XapakTe-
puctuknu 6yaer h/higy = 0,6 (cM. 110 HATIPABJIEHUIO MYHKTUPHON CTPEIKH Ha
puc. 6.26,a), a muneiinoit — h/hygg = 0,31 (puc. 6.26,6). B nepBom BapuanTe
3ajieiicTBOBaHHAs 30HA XOJla MITOKA KJaanaHa OoJibliie TI0YTH B IBa Pasa, 4eM
BO BTOPOM BapuaHTe. Takoe MpermMyIiecTBO MO3BOJISET IIaBHEEe U3MEHATD
TEMIIEpaTypy CMECH, T. €. TIoJaydaTh GoJiee KaueCTBEHHOE pPeryJnpoBaHue.
Taxum 06pa3oM, ycTaHOBKA KJianaHa 110 cxeMe Ha puc. 6.25,a, 6osee mipes-
MOYTHUTENIbHA, YeM MO cXxeMe Ha puc. 6.25,0, HeB3Upast HA HE3HAUNTEIbHDIN
CKa4yeK pacxo/la B HAYAJIBHOM IOJIOKEHUU Xojla MiToKa. Eciu mpuMeHaTsb
KJIAIlaH C 3JIEKTPOMEXaHMYECKUM TTPUBOJIOM, TO CYIIECTBEHHOW Pa3HUIIBI 1O
3a/IeHICTBOBAHHOMY XO/Iy IIITOKA B BAPUAHTAX €r0 YCTAHOBKU HET, TOCKOJIBKY
HUMEETCST BO3MOKHOCTD 3aIIPOrPAMMEPOBATh pabOTy KJallaHa COOTBETCTBEH-
HO 9TOMY XO71y. B TO 7ke Bpemst B BapuanTe 110 cxeme 6.25,6 TouHee porcxo-
JIIT peryJrpoBaHUE MPU MAJIbIX PACXO/AX CETEBO BOJIbI, BBI3BAHHOE OCO-
GEHHOCTBIO JIUHEHHON PACXOJHON XapaKTePUCTUKH.

[Ipumensia TpexxoioBble PeryJaupylomiue KjialnaHbl ¢ jorapudmudec-
KOli/norapuMUUecKoil PACX0THON XapaKTEPUCTUKOW CJIelyeT UMeTh BBU-
Iy, 4TO CTAOMJIN3AIMSI PACX0JIa CMECH TIPOUCXOUT [IPU JINHEAPU3AI[UH PaC-
XOJIHON XapaKTEePUCTUKHU KaK 10 PEryJupyIomied, Tak 1 10 MOMeNTnBaIo-
niell CTOpoHe KJarmaHa, T. €. IPU MOJHOM BHelTHeM aBtoputete a* = (),2
(cMm. Ha raroHasb prc. 6.26,6, MpoBeIeHHY0 TOHKO# JnHueit). [Ipu aToM Ha
cymMmapHoM rpaduke ¢ 00eux CTOPOH TOSIBATCS CKAYKH OTHOCHTEJIHLHOTO
pacxoja, yXy/Iaolie peryaupoanre obbekta peryauposanus. [loatomy
TaKWe KJalaHbl He HAXO/AT ITPAKTUYECKOTO TPUMEHEHNUS.

PaccMoTpeHHbIe Bbillie 3aKOHOMEPHOCTH PabOThl KJIalaHa HAPYIIAoTCs
IIPU yCTaHOBKe JiahparMbl MEKLY PETYJIATOPOM Ieperajia aBJacHIs 1 KJia-
nanoM, uto 3arnpeiieto 1o [80]. B arom ciryuae ymeHbImaercst OOIuil BHEIII-
HUI aBTOPUTET KJIalaHa ¢ PeryJIupylomieii CTOPOHbI (CO CTOPOHBI TEIJIOCETH ),
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T. €. HCKaKAeTCsl PacXOAHAsA XapaKTepUCTUKa. st momydeHus ctabuibHoro
[IOTOKA CMECH HeOOXOMMO COOTBETCTBEHHO YMEHBILIEHHIO @' C PEryIupyto-
el CTOPOHBI KJIAlaHa YBEJIMUUTD @' C TOIMENTNBAIONIEN CTOPOHBI, T. €. CJie-
JIyeT YBEJWIUTH J0JTI0 TIOTEPD AaBJIEHNs HA KjalaHe OTHOCUTEIHHO PacIio-
JlaraeMoro JiaBJjeHus cuctemMbl otorienust. OJIHAKO TaKoe pellleHne MpruBo-
INT K YXYALIEHUIO PEryINPYyeMOCTH CUCTEMBI OToIIeHust. OcOOEHHO TO Ka-
Caercst CUCTEM OTOILIEHMS C TePMOPErYJISATOPAMU Y OTOIMTEIbHBIX MPUOO-
POB U 6e3 aBTOMATUYECKUX PEryJIsaTOPOB THUAPABIMYECKHUX [TapaMeTpoB Ha
crosgkax b0 npuOOPHBIX BeTKAaX. B Takux cucreMax BHEIIHMI aBTOPUTET
TEPMOPETYJISITOPOB OMPEIENSIOT TaK Ke: OTHOCHUTEIBHO PaCIOIaraeMoro
JaBJIEHUST CUCTEMbI OTOILIEHNS, 1 OH JOJIKEH OBbITh KaK MOKHO Bbiie [5; 18].
YemM Bblle OyAeT BHEIIHUI aBTOPUTET TPEXXOAOBOIO KIAllaHa ¢ MOAMELIH-
BaloIeil CTOPOHBI, TeM HUKe OYIAyT BHEIIHIE aBTOPUTEThI TEPMOPETYJISTO-
POB U, CJIeIOBATENBHO, YXYANIMTCS MOJIEPKaHle TEIJI0BOT0 KoMbopTa B
MTOMENIEHNSTX, CHU3UTCST 9HeProah(HEKTUBHOCTD CUCTEMBI OTOTLIEHHSI.

CoriocTraBjieHne MPpUMEHUMOCTH JIBYXXOJIOBBIX M TPEXXOJ/IOBbIX KJara-
HOB B y3JIaX CMENTUBAaHMUsI TEIIJIOHOCHUTEJIST TOKA3bIBAET, UTO IBYXXOJOBBIMHI
KJIarraHaMu TIPOIIE PEITUTD 3aa4y PeryJInpoBaHus, TOCKOJIbKY MOSIBJISIETCS
60sIbIIIast BO3MOKHOCTD BCEBO3MOKHBIX KOMOMHAIIMI KJIAIIaHOB KaK 110 pac-
XOJHBIM XapaKTePUCTUKAM, TaK U 110 IIPOITYCKHOI CIIOCOOHOCTH.

IIpumensis mpexxo00601l pezyupyrougutl KIanam, ciedyem paccmampueamy
€20 pabomy no 06YM NPOXOOTUUM UePe3 He20 UUPKYIAUUOHHDIM KOHMYPAM.

st Munumusayuy Koiebanus pacxooa 8 KOHMYpe ¢ NOCMOSIHHbIM 2UOPas-
JUYECKUM PEHCUMOM MPEXX0008020 JUHETHO20,/TIUHETIHOZ0 Pe2YIUPYOULez0
Kaanana ezo conpomueienie 00INCHO Obims 6 emvipe pasa Gouvuie, uem
conpomueienue cucmemot (6e3 yuema conpomueienis. Kianana).

Ll Munumusayuu xKoiebanus pacxooa 6 KOHmMype ¢ NOCMOSIHHbIM 2UOPAs-
JUUECKUM  PEHCUMOM MPEXx0006020 L02APUPMUUECKO20,/TUHELNH020 AUOO
JUHETIH020,/TI02APUPMUUECKO20 Pe2YIUPYIouez0 Kianana ciedyem obecne-
YU GHEWHUT AGMOPUMEN, PACHLIL OUHUUE C Pe2YIUPYIOUET CIMOPOHDL,
a ¢ noomewusaroweis cmoponvt — 0,1...0,3.

6.1.5. B3auMoBAMsIHME PEryAMpYIOLWLMX KAQNAHOB

TemaoBoil MyHKT IIpeAcTaBiaseT cOOOM HAYalo PasBETBICHHON CETH
TpyOOIPOBO/IOB, TI0 KOTOPBIM TPAHCIIOPTUPYETCS TEIJIOHOCUTENb K MOTpe-
OGUTENSIM € Pa3JINYHBIMU TEILJIOBBIME Harpyskamu. TpeOoBaHUEM TIPOEKTH-
pOBaHUS CUCTEM SIBJSAETCS obecriedeHre PaBEeHCTBA TOTEPh JABJIEHUS BO
BCEX IMPKYJSAIMOHHBIX KOJIbIax. KoanyecTBO MUPKYJIAIIMOHHBIX KOJeEIl B
ABYXTPYOHBIX CHCTEMAX PABHO KOJMYECTBY MoTpebuTeseil (0TOmUTe bHbIX
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npubOpoB, KaIopudepoB U T. I1.), B OAHOTPYOHBIX — KOJHUUYECTBY CTOSIKOB
6O TOPUBOHTANBHBIX IPUOOPHBIX BETOK. /Lyt obecriederust ruipaBindec-
KOTO YBSI3bIBAHMS IIUPKYJIAIMOHHBIX KOJIEI] 3a4aCTYIO Ha KasK/[OM U3 HUX YC-
TAHABJIUBAIOT PYYHON GamaHcUpOBOUHBIN Kiaanan. OnHaKO 2TOro GbIBaeT
HezlocTaTouHo. Torga MpuMeHsSIoT MHOTOCTYIIEHUATOEe YBI3bIBAaHUE 1IUPKY-
JISIUOHHBIX KOJIEI] ¢ OOIIUM PYYHBIM KJIAMAHOM B KOKIOM moamMojye. Ha-
HpUMep, CHAYaJIa YBA3BIBAIOT MEPBbIi MOAMO/YJIb — OTOTUTEbHbIE TIPUOGOPHI
B IpeJleJiax KBAPTUPDI, 3aT€M BTOPOIl — TOPU30HTAIbHbIE TPUOOPHDIE BETKU
KBapTUP B IIpe/iesiaX CTOSIKA, 3aTeM TPETUil — CTOSKU B TIPefiesiaX BETBH, 3a-
TEM YeTBEPTBIN — BETBU CUCTEMbI U HAIIOCJIE/IOK — PETYJIUPYIOT BCIO CUCTEMY
B TEIJIOBOM TIyHKTE 00mNM GalaHCUPOBOYHBIM BEHTHJIEM Y Hacoca. Takum
06pasoM, B OJIHOM IUPKYJISIIHOHHOM KOJIbIIE MOKET HAXOIUTHCSA HECKOJIBKO
KJIAIIAHOB — PEryJIUPYIONMH U PyYHbIe GalaHCUPOBOYHbIE, KOTOPBIE COBMECT-
HO YBEJIMUUBAIOT THIPABIMYECKOE COTPOTUBIIEHUE PETYJIMPYEMOTO yUacTKa.
[Ipu IpoeKTUPOBAHNN COBPEMEHHBIX CUCTEM C ITePEMEHHBIM THU/IPABJIN-
YECKUM PEKUMOM CYMMHUPOBAHKE COITPOTHUBJICHUN 3JIEMEHTOB I'U/IpaBIye-
CKOTO y4acCTKa, KaK 3TO JIeJIAI0T B CUCTEMAaX ¢ KBAa3UIIOCTOSHHBIM TH/IPABJIH-
YECKUM PEKUMOM, SIBJISETCS HEJAOCTATOUHBIM ycsoBueM a(hdeKTUBHON pa-
6orocnocobHocTr cructeMbl. Kaabiil kiamnan obecriednBaeT 3ajlaHHble Tia-
pamMeTpbl TEMIOHOCUTEIS Y TIOTPeOUTe st UL TIPH ero 3 heKTUBHO ajar-
Tanuu B cucteme. OHa 3aKkJioyaeTcsd B TMOJJIEPKAHUN 33/JaHHOTO IMara3oHa
BHEIIHETO aBTOPUTETA, B MIPe/Iesiax KOTOPOTO U3MEHEHHE PacXo/ia TeIJIOHO-
CUTEJId TIPU TIePEeMEIIeHNN X0/1a IITOKA KJlalaHa sBJIgeTCd IIPOTHO3UPOBAH-
HBIM U HAXOJIUTCS B JIOIYCTUMBIX TIpeziesiaX. B To ke BpeMs 9T inaria30Hbl
JUIST KJIATIAHOB OJIHOTO PEryJIMPYEMOTO y4acTKa He JIOJKHBI MePEeKPbIBATh
JIPYT JIpyTa, T. €., €CJU B HUPKYJIAIUOHHOM KOJIbII€ CUCTEMBI OTOTLIIEHUS Y
OTOMUTEILHOTO TIPHOOPA YCTAHOBJIEH TEPMOPETYJISITOP € JIOTapu(hMUIECKON
paboueii pacxoQHOI XapaKTePUCTUKON 1 9(PPEKTUBHBIM AUAIIA30HOM 3HAUE-
Huii BHelmHero aproputeTa a = 0,5...1,0, 5T0 03HavyaeT, 4TO Ha HEM MBI IOJIK-
ubl otepaTh o1 30 1o 100 % pacrosiaraeMoro AaBjeHUs] PeryJIupyeMoro
yuactka. CieroBaTesibHO, B OCTAJILHBIX 9JIEMEHTAX Y4acTKa, B TOM YUCJE Ha
o61eM 6aaHCUPOBOYHOM KJIATIAaHE CHCTEMbI B TEIJIOBOM MYHKTE, HEOOX0-
Mo 1otepath ot 0 1o 50 % pacrosaraeMoro gasieHus. Takum oOpasoM,
GaJlaHCUPOBOYHBII KJIAMIAH B TEIJIOBOM TIYHKTE YK€ HE MOJKET MMETh TaKOii
JKe TMAna3oH BHENTHETO aBTOPUTETA, KaK y TepMmoperyaaropa. OH 10JKeH
ObITh MEHBINE, TaK KaK B OCTAJIbHBIX 3JIEMEHTAX PEryJUpyeMOro ydacTka
(Tpy6OIIPOBO/IAaX, OTOMUTENHLHOM MPUOOPE...) TAKKE TEPSIETCST Paciiojarae-
Moe fasiienue. Eciu He yiaercst mogo0paTh MPUEMIEMO€e COUETAHIe BHEIII-
HUX aBTOPUTETOB KJAIAHOB HA OJTHOM PETYJHMPYEMOM Y4YacTKe, CJelyeT
MPUMEHSITH TIPOEKTHOE PEIeHre O APOOJIEHUH ITOTO yUACTKA PETYJISTOPOM
neperajia JaBjeHUs Ha JBa Wi GoJiee PETYJIUPYeMbIX ydactka. Vlexoms
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HMMEHHO U3 3TUX TpeOOBaHuil, CJIeAyeT pacioaraTb o0umii GaJancupoBoOY-
HBIH KJIalmaH CHCTEMBI OTOTIEHUST MEKIY HACOCOM W TMEPENyCKHOH Tepe-
MBIYKOH (BTOPO# KJallaH Ha puc. 6.3,T), a TIepBblil KJalaH OrpaHruyeH pery-
JISTOPOM TIEPENaia JaBJAeHIS OT BJIUSHIS 3aTI0PHO-PETYINPYIOIIE apMary-
PBI TEIJIOCETH U TIP.

Pasznoo6pasye KOHCTPYKIMIT TEIIO0OMEHHBIX IPUOOPOB U KJIAIAHOB, a
TaKKe MHOrooOpasue X B3auMOCOYeTaHMil He Jal0T BO3MOKHOCTU OIpe/ie-
JieHust 0O0OIEHHOr0 Y3KOro IMala3oHa BHENIHEro aBTOPUTETa, KOTOPBIN
ObL1 ObI IIpUeMJIEM I BCEX IPOEKTHBIX perneHui. IIpu CyIiecTByIOmux
KOHCTPYKIIMSX KJIallaHOB B OOJIBITMHCTBE CJIy4aeB, CTPEMSICh CO3/IaTh Hle-
aJIbHOE PEryJIMPOBAHUE PETYIMPYEMOro 00beKTa, He0OXOAUMO IIOTEPATD Ha
HUX He MeHee 50 % pacroJsiaraeMoro JIaBJIeHUsT PETyIUpyeMoro yyactka. B
ATOM CJIydae, PACXOJHbIE XapAaKTEPUCTUKHU KJIANlaHa, YCTAHOBJIEHHOTO B CHC-
TeMe, OYIyT IPUMEPHO TAKUMHU e, KaK YKa3aHO IPOM3BOAUTENEM B TEXHU-
4ecKOM omnucanuu K Hemy. OIHAKO y TPEXXOJIOBBIX KJIAIIAHOB 3Ta 3aKOHO-
MEpPHOCTh HAPYIIAETCs B 3aBUCUMOCTU OT MPUMEHUMOCTH KjarnaHa (CM.
m 6.1.4).

KomiuiekcHbIi 110AX0/ 10 co3aanmio s (ekTUBHON paboThl CUCTEMBI B
1IEJIOM 1 TEILJIOBOTO IIYHKTA B 4aCTHOCTH TPeOyeT KOHCTPYKTUBHOTO MHOTO-
o0pasus KIalaHoB 11 00eCledeHnsl BCEBO3MOKHBIX BaDUAHTOB B3aHMO-
nefcTBusa ¢ 000pyIOBaHMEM, PACIOIOKEHHBIM Ha PETYIMPYEMOM YYacTKe.
Komnanust /landocce nmpenoctaisier 7151 pellieHnst TAKUX 3a/1a4 BECH CIIEKTP
PETYIUPYIONIei apMaTyPhI C Pa3JIMIHBIMU PACXOTHBIMI XapaKTEPUCTHKAMI,
JIMaMeTpaMu TPUCOeJIMHEH S, MaTepUajaMi U3rOTOBJIeHus u T. 1. [lepe-
YeHb HEKOTOPBIX PETYJUPYIONINX KJIAaHOB IpeicTaBieH B Tabu1. 6.3.

Tabauua 6.3 PacxoaHbie xapaKTepuCTKM peryAmpyowmx KAanaHoB
Perysupyionuii Kiamnam | Pacxopiast xapakTeprucTHKa KJarnana

1. PyuHoii AByXX0/10BOI

e USV-I; MSV-I JIMHelHas

e MSV-F2 dy <150 JiorapuMuIecKo-JInHenHast

® MSV-F2d,>200 JUHelHast

e MSV-C Jorapudmmudeckast
2. Ce/lesIbHBIN IBYXXO/I0BOIT

e VF2; VFS 2 sorapudmnyeckas

e VS2 dy >20; VM 2; VB 2 JIMHENHO-TIHe N HasT

* VS2d,=15 JMHeHas
Ce/ie/ibHbIE TPEXXO/IOBbIE

e VRB3; VF 3 slorapudmMudecKasi/JIMHeiHas

e VMV 3 JneiHas/auHeinas
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Hcxancenue pacxodnoi xapaxmepucmuxi noo 6030€icmeuem KOHCmpyK-
muenoix ocobennocmeti kianana (6a306viil aBMopumem) u ConPomueie-
HUSL JNIEMEHMO8 PEYNUPYEMO20 YUacmKa (GHEWHUTI A8MOPUMent) Modlcem
CYUWECTNBEHHO GAUAMb HA PEZYIUPYEMOCTL 006EKMA PEeYIUPOCAHUSL, UMO
HE0OX0OUMO YUUMbBIEAN® NPU NPOCKMUPOBAHUU U HALAOKE CUCTEMDL.

Hanuuue na pezyaupyemom yuacmre HeCKOJNbKUX Ka1anarnos mpe6yem pac-
CMOMPEHUSA COBMeCMUMOCTMU Juanasonos ux GHEewHux asmopumemoes.
leuqu BAPUAHIIOM NPOEKMHOZ20 PEWEHUS ABAACTNCSA NPUMEHEHUE TOb-
KO 001020 KIaNana na pezyaupyemom yuacmeke.

Jlnsi docmuocenus aghpexmuenoii pabomot 06sexma pezyauposanis 1eob-
X00UMO BbIOUPaAM KIANAH € PACXOOHOU XAPAKMEPUCTNUKOU, COOmEen-
cmeyowel xapaxmepucmuxe 006eKma pezyiuposansl.

6.1.6. KaBMTaUMOHHas XapaKTepmUCTMKa KAanaHa

Kasuranust — HapyleHue CIIONHOCTH BHYTPH JKUAKOCTH, T. €. 00pa3zo-
BaHUE BHYTPU KalleJbHON KUAKOCTH TI0JIOCTEH, 3aTIOJHEHHBIX Fa30M, apOM
WJIA WX CMEChIO (TaK Ha3bIBaeMast ITy3bIPbKOBas Kaputaiust ). [1y3bIpbKu s1B-
JITIOTCST HeCTaOUIIBHBIMU, HEMTPEPBIBHO TIEPEXOAAIIMMU 0OPATHO B JKUAKYIO
(azy. Kaurarysi BO3HUKAET B PE3yJbTaTe PE3KOT0 MECTHOTO CHUKEHUSI
CTATUYECKOTO JIABJICHUsT HUKE KPUTHUECKOTO 3HAUEHUS!, KOTOPOE Tt BOJIbI
NPUOIU3UTETIHHO PABHO JABICHUIO HACHIIIEHNST BOASHOTO Mapa Py JaHHOi
temieparype. Eciii oHUKeHUe IaBJICHUST TIPOUCXOUT BCJIEACTBIHE MECTHO-
IO TIOBBINIEHNS CKOPOCTH B HAIOPHOM TPYOOMPOBO/IE, TO KABUTAIUIO HA3bI-
BAIOT TUPOIMHAMUYECKON, a B CJydae TIOHWKEHUS JaBJIEHUS BCJEACTBUE
MPOXOKAEHUST B JKUIKOCTU aKyCTUIECKUX BOJIH — aKyCTUYECKOI.

[TepeuncieHHbIe BU/BI KABUTAIMKM MOTYT 0OPA30BBIBATLCS B HACOCAX U
3aropHo-peryaupyoiieii apmarype. IIpu hazoBoM mepexo/e TEIIOHOCHTe-
JIl B My3bIPbKaX MTHOBEHHO M 3HAUUTEJILHO M3MEHSIETCS CTaTHYeCKoe J1aB-
genne. OHO JIOKAJIBHO BO3JEUCTBYET HA MOBEPXHOCTD JIOMATOK U BHYTPEH-
HIOIO TIOBEPXHOCTh KOPITyCa HACOCA, HA 3aTBOP ¥ BHYTPEHHIO TTOBEPXHOCTD
KopIryca KJianaua. [Ipu 3TOM HPOUCXOAUT BBIPbIBAHKME YACTHUI[ MATEPUAIIA,
U3 KOTOPOTO M3TOTOBJIEHBI HACOCHI M KJIATIAHBI, U WX Pa3pyIleHne 3a OYeHb
KOPOTKHUH MPOMEKYTOK BPEMEHH.

BosHUKHOBeHHE KaBUTAIMK NATYOHO BIMSET TAKXKe W HA TUAPABJINYe-
CKHe XapaKTEPUCTUKU HACOCA U KJIalaHa. Y HACOCA CHYZKAETCS TIPOU3BO/IH-
TEJILHOCTD U HATIOP, YBEJIMYMBAETCST TIIYM U BUOpAliust. Y KJIallaHa CHIZKAET-
¢S TIPOTIYCKHASE CIOCOOHOCTD, MOBBITIAETCS KOI(DMOUITMEHT THAPABINYECKOTO
COTIPOTUBJICHUSI, UCKAXKAETCS BUJL PACXOJHON XapaKTePUCTUKU, 0OPA3OBbI-
BAeTCsI [IIyM U BUOPAIUs.

159



M COBPEMEHHbIE TEMAOBBIE IMYHKTbl. ABTOMATUKA 1 PEFYAMPOBAHWME

BepostHOCTh 00pasoBaHys KaBUTALMK BO3PACTAET B CUCTEMAX C HU3-
KM CTaTHYECKUM JIaBJIEHUEM, BBICOKOW TEMITEPATyPOI TEIJIOHOCUTENST U
GOJIBIIMM IEePeaj oM JaBJeHKs Ha 9JIeMEHTaX CHUCTEMbI, CO3AIONINX MECT-
HOE COIIPOTHBJIEHNE. [[JIsT HeJOMYIIEHM KaBUTALIH IIPK IOA00Pe HACOCOB U
KJIAITAHOB HEOOXOAMMO 00eciiednTh, 4ToObl CTaTUYeCKoe JaBJeHue ObLIO
BBIIIIE JIABJIECHUST HACHIINEHUST TEMJIOHOCUTEIST TP JaHHOHN TeMIlepaType Ha
OTIpeIeJICHHYIO BEJIMYMHY, olipe/essgemMyio koaddunmrentom kaputamuu. O
HEJIOIYIIEHNN KaBUTAIUU B HacocaX cM. B I1. 6.11.2.

Pacuer MakcHMMaJbHO ZOMYCTUMOTO TIEPelajia JaBJeHnsI Ha KJalaHe,
IIPU KOTOPOM 00€eCIIeYnBaeTcsl ero GecKaBuTaluoHHas paboTa, U IPOBEPKY
PETYJIUPYIONIEro KaanaHa OCYIIECTBISIOT 0 (hopMy.Ie:

APVmax = Z(P* - PHaC) > APV1 (632)

TIe AP\,max — IpeJesIbHO JIOIMYCTUMbIN GeCKaBUTAIIMOHHBIN TIeperal JaBjie-
HUs Ha Kiaanahe, 6ap; Z — koadduuuent kapurauun; P* — abCoIOTHOE faB-
JieHUe Ha BXO/le KJarana (cJjefyeT UMeTb BBUJY, YTO B UCXOIHBIX JAHHbBIX
[IPU TIPOEKTUPOBAHUN TEILIOBOTO MYHKTA JA€TCsI U30BITOUHOE JIABJIEHIE, K
KOTOpoMY ciiestyeT nipubasuth 1 6ap /s mosydenust abCoToTHOTO JaBie-
uus), 6ap; Py, — aOCOMIOTHOE HaBJIeHIe HACBILEHUS IIaPOB BOBI IIpu pabo-
ueil TeMiieparype (tabJdHble TaHHbie, HarpuMmep, [66]. Caenyer obpamars
BHUMAaHHUE HA TO, YTO B CIPABOYHUKAX MOKET YKA3bIBaThCsI JIHOO abCOIOT-
Hoe, TGO U3OBITOYHOE 3HAUEHHE ATOTO MapameTpa), 6ap; AP, — norepu j1as-
JIeHUsI Ha KJanage, 6ap.

KoaddurmenT kaBurarum Z ykazaH B TEXHUUECKOM OIMUCAHUY K KJIaTia-
ny. Ero snauenue HaXo[UTCs B IIPUMEPHbBIX [IUATIA30HAX:

e (,1..0,2 — y 3a110pHBIX KJIATIAHOB;

e (,2..0,6 — y perysupyonmx KJaanaHos;

e (,6..0,9 — y crienmaIbHBIX KJIAMAHOB.

B ToMm ciyuae, ecaiu npu 1mogbope KjanaHa 1oTepy JaBJIeHHs HA HeM
MPEBBINIAIOT MAKCUMAJIBHO JOTYCTUMbII GeCKaBUTAIIMOHHBII Meperna 1aB-
JIEHUSsT, cJe[lyeT BhIOpaTh MHOE MpoekTHoe pernerne. OCyIecTBISIOT 3TO,
Hanpumep, rnepepacipe/iesieHueM MoTephb JaBJeHUs Ha KianaHax, Jnbo yc-
TAHOBKOW JIAHHOTO KJIallaHa Ha oOpaTHOI MarucTpanu. B nepsom BapuaHTe
YMEHBINAIOTCS TOTEPU JIaBJieHNs Ha Kianane APy, BO BTOPOM — yBeJINYUBa-
etcst APy, T. K. B oGpaTHOM TPyGONPOBO/IE HUKE TeMIIePaTypa TeIOHOCH-
TeJisl, 4YeM B TIOZIAIOIIEM U, COOTBETCTBEHHO, HIKE P40

B sit060M cityuae mepejt KIamaHoM PeryJsiTopa TEIIOBOTO MOTOKa (TeM-
nepaTypsbl), Iaske MPU OTCYTCTBUU BEPOSTHOCTH 00PA30BAHUA KAaBUTAIIMHU Ha
HEM, JIOJDKEeH ObITh YCTAHOBJIEH KAK MUHUMYM OJIH aBTOMATUYECKHUE pery-
JIATOP TIeperajia naBjienust. Ero ocHOBHbBIE 3a/[auu 3aKJII0YAIOTCS B yCTpaHe-
HUW THPABJIUYECKON Pa3peryJupoBKU CUCTEMBI TEIIOCHAOKEHUs U 0bec-
neverry 3GOEKTUBHBIX THAPABJINYECKUX YCIOBUN KJIANaHYy PEryJsiTopa
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TEIJIOBOTO TIOTOKA (TeMIIepaTyphl) /st yIpaBJaeHUst 00bEKTOM PEryJIpoBa-
HUSI HE TOJIBKO B CTATHYECKOM, HO U JIMHAMIYECKOM PesKrMe paboThl Terio-
BOTO ITyHKTA U TerioceTr. Eciu e Ha peryJsTope TerjaoBoro moToka CyIiecT-
BYET BEPOSITHOCTH 00PA30BaHUsI KaBUTAIIUH, TO, KAK BAPUAHT MPOEKTHOTO
pelieHus, Ha peryssiTope nepenaja JAaBieHrus YMEHbBIAIOT aBTOMAaTHYeCKU
MO//IEPIKUBAEMBIH TIepenajl IaBieHust 10 TpebyeMoro MUHUMYMa | 0 9TO-
My THeperajy moA0UpaioT KJIalaH PeryJsTopa TeIIoBOro noToka ¢ 6oJbiieii
MPOIYCKHON CIIOCOGHOCTBIO. BapuaHThl POEKTHBIX PEIeHUiT TIPU 3aBUCH-
MOM U HE3aBUCHMOM TIOJIKJI0UeHIH aOOHEHTA K TEIJIOCETH MTOKAa3aHbl COOT-
BETCTBEHHO Ha puc. 6.27,a u puc. 6.27,6.
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TEMNOHOCUTENS
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Y3EN
TENNOHOCUTENS

L— MPUTOTOBNEHNA
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Puc. 6.27. ObecneyeHne GeckaBUTaLMOHHOM pPaboThl kKAanaHa: a, 6 — 3¢-
GheKTUBHbIE MPOEKTHbIE PeLLeHHs] COOTBETCTBEHHO TP 3aBUCH-
MOM M HE3ABUCMMOM TPHUCOEAMHEHMM aDOHEHTa; B — Heaghghek-
TUBHbIE [POEKTHblEe pelleHus; 1 — peryAsTop nepenasa AasAe-
HMs1; 2 — peryAsiTop TernAoBOro roToka; 3 — amagpparma

Hauxymmuit BapuanT ycranoBKu quadparMbl — HEIIOCPECTBEHHO TI€PE]T
PETYJIATOPOM TEIJIOBOTO TIoTOKA (TemiepaTypbl). Ha puc. 6.27,8 2T mpoexT-
Hbl€ PelleHust IePeYePKHYThI, IIOCKOJIbKY YXY/IIIAETCST PeryInpoBaHue, yBe-
JIMYUBAETCS BEPOSTHOCTD MIYMOOOPA30BaHUs M CHUIKAETCS Pecype KJamna-
HOB. /L7151 ycTpaneHus: TakKUX HEIOCTATKOB CJIelyeT yCTaHaBIMBaTh quadpar-
My Ha MOZIAIoIeM TPYOOIIPOBO/IE 10 PETYJIsITOpa Tiepenajia aasienus [80].
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Ipumep. 6.12. IIpoexmupyrom menniosoi nynxm c A(EV; A(ﬂ;
3a6UCUMBIM NOOKIIOUEHUEM CUCeMbl omonaerust. H30vi- | | | |
mounoe dasienue MenioHOCUmens 8 No0awetl Mazucm- %ﬂ /&
pazu neped pezyasamopom nepenada dasienus Py =9 6ap AN

(coomeemcmeenno abcomomuoe dagienue — Py = 9+1=
=10 6ap). Usbvimounoe dasienue menionocumens é 06-
pamuoi mazucmpanu Py = 3 6ap (coomeemcmeenno abco-
momuoe dagnenue — Py = 3+1= 4 6ap). Pacuemnuwuii ne-
penad memmnepamypol MeNIOHOCUMENs. 8 MENLI0Cemu
130-70 °C. ITodobpannvie krananwl: pezyismop nepena-
da dacnenus. — AFP/NG2 d,, = 15 mm ¢ maxcumanvnoi nponycioii cnocobmo-
cmuio kyg = 4,0 (M°/)/6ap"s [84]; pezyrsmop meniosozo nomoxa ¢ Kianamom
VS2 dy, = 20 mm ¢ makcumarvroi nponycknoil cnocobrocmvio Kys
=25 M /u)/6ap®’ [62]. Y oboux xrananos xoappuuuenm xasumavuu 7 > 0,6.
Pacuemnwiii pacxod mennonocumens Vy = 5,0 M3 /4. Aemomamuuecku noo-
depacusaemvlil nepenad 0asieHust Ha KIANAaHe pezyisimopa meniogozo nomo-
Ka — APy = 4 6ap. /lasrenue nacouuenus napog 600wt Py, = 2,7 6ap npu
memnepamype Ty = 130 °C, npu Ty =70 °C — P, = 0,3 6ap.

Heobxo0umo nposepumn xianamn pezyismopa 0asnenus i Kianam pezyis-
mopa menio6ozo NOMoOKA 1a GeCKAGUMAUUOHHYI0 Pabomy.

TennoceTb

Pewenue. [Iposepry xnanana na xasumayuro ocyw,ecmsisiiom no ezo Max-
CUMATLHOU NPONYCKHOL CROCOOHOCTU U PACUETNHOMY PACX00Y MEeNIOHOCUME -
15, Bausnue na xasumauuio yeenuuenus nomeps 0agienus npu 3axpbléanuil
Kaanana yumeno ezo x0agpguuuenmom xasumavuu. Tozda nomepu dagienus
Ha nepeom no xody menaonocumens kianane 1 (pezyasimope nepenada oasne-
HUsL) cCOCMAagsim

2 2
i e
Vs b

Maxcumanvno donycmumvie nomepu 0asreHUs HaA NEPEOM NO X0OY men-
JIOHOCUMens Kianawe (pezyasmop nepenada 0asienus) 6 coOmeemcmeuu ¢
ypasHenuem (6.32)

=16 Oap.

APV11nax = 076(10 - 277) = 4,4 6ap.
IIposepxa
APyt = 1,6 6ap < APy, = 4,4 6ap.

Yenosue 6eckasumauuonoii pabomot pezyisimopa nepenada 0asieHus 6ol-
NOAHEHO.

Maxcumanvio donycmumvie nomepu 0agieHust Ha 6MOPOM 1o X00Y men-
JOHOCUMENs Kianane (pezyismope meniosozo NOmokda) ¢ yu4emom nomepn
dasenus Ha Nepeom Kianame
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APy oo = Z(P'y + APy — Pyye) = 0,6(4 + 4 — 2,7) = 3,2 6ap.

IIpenebpezas nomepeil dasienus 6 ysie CMEUUBAHUS NPU PACUEme O
00pamHOTL MAZUCTPATU U NPUHUMAS. NOMEPU 0AGLEeHUsL HA BMOPOM KLANAHe,
DABHBIMU ABMOMATIUYECKU NOJ0EPICUBAEMOMY NEPENady OasNeHUs, NPOBEPs.-
eM ycrosue 6ecKasumayuontol pabomol Kianana

APy = 4 6ap > APy, ... = 3,2 6ap.

Yenosue Geckasumauuonoii pabomvl pezyisimopa meniogozo nOmoKa He
svioepacano. Heobxooumo usmenums npoexmioe peuenue. Bapuanmor peuse-
Hus:

L4 ﬂep@blij — nepemecmumy oba kranana na 06pamHyfo Mazucmpailv,

® gmopoil — ocmasumy 064 Kianand Ha nooawes Mazucmpai i nodo-
Gpamnv 3aH060 KAANAN PeYAMopa MEnio80z0 NOMOKA U Peyismop
nepenada 0aeieHusl.

Ilepsvuii sapuanm pewenus..
Maxcumanvno donycmumvie nomepu O0agienus Ha

0
=
nepeoM no xody menionocumens xianane 2, komopoim | 8
bydem pezynsmop menio6ozo NOMoKA, ¢ YUemom memne- =
o (0]
pamypul oxaaxcoennozo menionocumens 6 obpammnoii | = |12
Mmazucmpaniu \
APy, = 0,6(10 - 0,3) = 5.8 Gap. é“ | |§|
IIposepka <> e
AR, AR,

APy = 4 6ap < APy, = 5,8 b6ap.

Yenosue becrkasumanuonoii pabomovt pezyisamopa meniogozo NOmoxd 6bi-
NOJIHEHO.

Maxcumanvro donycmumoie nomepu 0A6ieHUs HA MOPOM N0 X00Y men-
aonocumens kianamne 1 (pezyismop nepenada dasienust)

APyi, 0 = Z(P"y = APy — Pyygc) = 0,6(10 — 4 - 0,3) = 3,4 6ap.
IIposepka
APy = 1,6 6ap < APy, = 3,4 6ap.

Yenosue beckasumavuonnoii pabomol pezyismopa nepenada 0asienus
BLINOINEHO, HEm HeOOX00UMOCTIU PEUeHUs 6MOPO20 BAPUAHMA.

Kak mepBblif, Tak U BTOPOil BApUAHTBI MPOEKTHBIX PEIIEHUIT MOTYT ObITH
MIPUHSATHI B KAUeCTBE OKOHUYATETbHOTO. [IpenouTnTebHbIM SABISIETCS TIep-
BBIN BapWaHT, T. K. TIPU HeM obecrieunBaeTcss HOMBITHII 3arac AaBIeHws, a,
CIeI0BATeIbHO, YMEHBIIAETCSI BEPOSITHOCTh KaBUTAIMN TIPU BHEITTATHBIX
cuTyanusax paboTsl TermoceT. Bo3aMoskeH Takyke BapUAHT MEPEMETIEHNST ¢
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MOZIAIOIEel MarncTpajy Ha 0OPaTHYIO TOJIBKO KJIANaHa PEryisaTopa TerI0Bo-
ro MOTOKA. B JII060M cirydae ONpeessiioIuM SIBJISIETCS SKOHOMUUYECKOE CO-
[IOCTaBJIEHNE BAPUAHTOB IMPOECKTHBIX PEITCHUI.

O0num u3s BAPUAHMOB YMEHDUEHUS 6EPOSATNMHOCMU KABUMAUUU 68 Pe2YIUpy -
nowem Kianane s6J11emcs €20 pacrnooiceHue Ha 06pamH0ﬁ Mmazucmpaiu.

6.1.7. llymoBas xapakTepucTmMKa KAanaHa

3aropHO-peryIupyoIas apMaTypa MOKeT CTaTh HCTOUHUKOM 00paso-
BaHUs [IyMa TIPU HENmpaBUJIbLHOM ee nogbope. B cooTBeTcTBUU ¢ HOPMOI
[65] B mpoekTax oTOIIEHNUS, BEHTUISIIIUY ¥ KOHIUITMOHUPOBAHUS CJIELyeT
[IPElyCMaTPUBATh TEXHUYECKIE PEIIEHs], 0OeCTIeYMBAIOIIE HOPMIPYEMbIe
YPOBHU TiiyMa 1 BUGpaAIuii oT paboThl 060PYyI0BaHKs U CUCTEM OTOILIEHHS,
BEHTHUJIAIMY U KOHIUIIMOHUPOBAHUSI BO3IYyXa, KPOME CHUCTEM aBAPHUITHOI
BEHTHUJISAIUH U CUCTEM TTPOTUBOABIMHON 3aIUTHI, JIJIst KOTOPBIX MIpU paboTe
" anpoOUPOBAHUH COTIIACHO [67] B OMEINEHUSX, T/le YCTaHOBJIEHO 3TO 060-
pyzoBanue, gomryctuM myMm He 6osee 110 gBA, a mpy UMITYJILCHOM LIIyMe —
He Gosee 125 nBA. B Hopme [65] orpanunyen Takske OfWH U3 TTaPAMETPOB
GecrryMHOI paboThl BOASHBIX CUCTEM — IPeJieJibHAs CKOPOCTh TEMIOHOCH-
TeJist BO BXOJHOM CEeYeHUN KJIANAaHa, He BbI3bIBAIONIAS IIPEBBIIIIEHUE IOy C-
TUMOTO 9KBUBAJIEHTHOTO YPOBH 3ByKa 110 HIyMy. J[Jist TepMOpPEryisiTopoB y
OTOMUTETHHBIX TPUOOPOB C ATOI TIETBI0 OTPAHUYEH TIEPETIA/l JIABICHNUST TEILIO-
HocuTesid Ha HUX [9].

[lormycTrMble yPOBHU 3BYKa TI0 IITyMY B TIOMEIEHUSIX PA3JIMYHOTO Ha3Ha-
yeHst HopMupoBaHbl [67]. Tak, B sKuibix KoMHaTax kBaptup — 30 dB(A).
JlanHoe TpebGoBaHKe OTBeYaeT MeKIyHApOAHBIM TpeboBaHusaM [68], mpemrb-
SIBIISIEMBIM K KOMHATe JKIJIOTO 3/IAHNS, COTIIACHO KOTOPBIM JIOMYCTUMBII ypO-
BEHb IIyMa COCTABJISICT:

e st caa — 30 dB(A);

e i HEBHOTO oT/Abixa — 35 dB(A);

e st yMcTBeHHOM paboTsr — 40 dB(A);
e s omarrHeit paborsr — 45 dB(A).

BoimosiHeHe TaknuxX yeJaoBUiT 00eCTieurBaeT KUTbIAM YIOBIETBOPH-
TeJbHBIE YCAOBUS KOM(MOPTA TIPH CHE, OT/BIXE, paboTe W HEOTaCeH /IS UX
3710poBbsL. IIpu aTOM 10IyCTUMBLIL YPOBEHD 3BYKOBOI'O JIaBJICHUS B KOMHATE
JKUJIOTO 3/IAHUS, CO3ABAEMBIT 0600PYIOBAHNEM B 3[IAHWN, COCTABJISIET:

e s cnienuuyeckoro obopyaosanus — 35 dB(A);
e st o6bruHOTO O60opynoBanus — 30 dB(A).
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TaxuMm 06pa3oM, B 3aBUCMOCTH OT MECTa YCTAHOBKHU 3allOPHO-PEryJin-
pyfolei apMaTypbl K Hell IPebsABIAIOT TPeOOBAHUSA PA3JIUUHOTO YPOBHSL.
Ecau ona ycraHoBiieHa HENOCPEICTBEHHO B TIOMEIIEHUHN, KOTOPOE TOJIKHO
GBITH 3ANUIIEHO OT IIYMa, TO CO3/[aBAEMBbIi €10 IIyM He JI0JKEeH MPEBBIIIATh
HPEebSIBIISIEMBIX TPEOOBAHUN K JIAHHOMY TIOMEIeHUI0. Ec/in OHa yCTaHOB-
JieHa 3a TpeJielaMid TaKOTO TIOMEIEHUs, TO CO3/IaBAEMBIH €0 1ITyM MOJKET
MPEBBIIATH TPEOOBAHUS K TIOMEIIEHUIO, HO ¢ YUETOM 3aTyXaHUs [IyMa — He
IPEBbIIATh 9TUX TPeOOBAHUU HEIOCPEACTBEHHO B IHoMelneHnu. Takoil
JIBOMHOM TIO/IX0/T K 3alI0PHO-PETYIUPYIONIeH apMaType peajiu3yioT U Mpu ee
BBIGODE.

[ls 3anopHO-peryaupyionieil apMaTypbl, yCTaHABJINBAEMOU HEITOCPei-
CTBEHHO B TIOMENIEHUN ¢ HOPMUPOBAHHBIMU TPEOOBAHUAMMU 3ALTUTHI IO Ty~
MY WJIH BOJIM3U ¢ HUM, CKOPOCTD JIBUJKEHUS BOJBI B TPYOOIIPOBOJIE U3 YCJI0-
BUST OECIIYMHOCTU 3aBUCUT OT KO3(hHUIMEHTa MECTHOTO COIPOTUBJIEHUST
aTolt apmatypsl. B HopMme [65] mamb mpeiesibHble 3HAYEHMS 9TUX CKOPOCTE
JUIS CTAJIbHBIX TPYGOIPOBOIOB, TpeicTaBIeHHbe B Tabu. 6.4. B unciurene
yKazaHa J0IyCTUMAst CKOPOCTH TEILJIOHOCUTEJIST B TIPOOOYHBIX KPAHAX U Kpa-
HaX /IBOMHON peryJMpoBKHU, B 3HAMEHATese — B BeHTHISIX. OpUeHTUPOBOY-
Hble 3HaYeHUsT KOG (UIUEHTa MECTHBIX COTIPOTUBICHUN & JIJIST PA3IUYHBIX
TUIIOB 3aIIOPHO-PETYJINPYIONIeill apMaTypsbl [46]:

® KpaHbI mapoBbie moHOMpoxoauble —  0,1..0,4;
® TO JKe, Cy>KEHHbIE — 0,4...1,6;
® T0 jKe, IPOOKOBbIE — 0,4..1,2;
® 3a/[BUKKU TTOJTHOIIPOXO/IHBIE — 0,1..1,2;
® TO JKe, Cy>KEHHbIE — 0,2..1,8;
® BEHTUJIN MTPOXOIHBIE — 4,5..11,0;
® TO JKe, TPSIMOTOUHBIE — 0,3..2,5;
® T0 jKe, MeMOpaHHbIe — 1,5..7,0.

Tabanua 6.4 AonycTrmasi CKOPOCTb ABMXKEHMS BOAbI B CTaAbHbIX TPYOOMpOBOAax
JlomycTuMbIit JlomrycTMast CKOPOCTh IBUIKEHUST BOAIBI, M/C, TPH KoadduImenTax
SKBUBAJICHTHBII | MECTHBIX COMPOTUBJEHUIT y3/1a TEII00OMEHHOT0 TIprbopa MM CTOsKA ¢

YPOBEHb 3BYKa 110 apMarypoil, IPUBEIEHHBIX K CKOPOCTH TEIIOHOCHTEJISI B TpyOax

mymy Ly, dB(A) £<5 E=10 £=15 £=20 £=30
25 15/1,5 1,1/0,7 0,9/0,55 0,75/0,5 0,6 /0,4
30 1,5/1,5 1,5/1,2 1,2/1,0 1,0 /0,8 0,85/0,65
35 15/1,5 15/1,5 15/1,1 1,2 /0,95 1,0 /0,8
40 15/1,5 15/1,5 15/1,5 15 /15 13 /12

W3 npuBe/ileHHBIX JTaHHBIX CJIe/lyeT, YTO MaKCUMAaJIbHO JI0IIyCTUMasl CKO-
POCTH TEIMJIOHOCUTEJISA B CTAJIBHBIX TPYOOIIPOBO/IaX 3aBUCUT OT TPeOGOBAHUI
K KOHKPETHOMY TOMEIEHUIO 10 yCI0BUsIM GecttymMHocTh. B obtiem ciydae
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ATa CKOPOCTH He JIOJIKHA MpeBbiaTh 1,5 M/c. [l miacTukoBbix Tpyo, crio-
COOHBIX TaCUTh KAK 3BYK, TaK M THIPABIMUYECKUE YIAPbl, TO 3HAUEHUE He-
CKOJIBKO BBIIIIE, 2 UMEHHO: B CTOSIKAX — 110 2,5 M/C, B PACIIPEIeTUTENbHBIX U
c6opubIx Tpy6OTIPoBOIaxX — /10 2,0 M/c. CKOPOCTDb BOJIbI B MEJIHBIX TPYOOIPO-
BOJIaX C HE3AIUIIEHHON BHYTPEHHEH TTOBEPXHOCTHIO MMEET JOTIOTTHUTEIbHOE
orpanuuenne. OHa He J0JUKHA CIIOCOOCTBOBATH Pa3pylIeHUI0 00pasyoIeii-
Cs1 3allUTHOM OKCHMIHOM TJIEHKW Ha BHYTpPeHHel moBepxHocTH TPyObl. Ee
MakcHMaJlbHOEe 3HAaueHWe B cUcTeMaxX oOecredeHusi MUKPOKJIMMAra He
JIOJIKHO TIpeBbInath 1 m/c.

[ 3amopHo-peryupyioiieil apMaTypbl, YCTaHaBIUBaeMON BIaau OT
MOMEIIEH T ¢ TPeOOBAHUMSIME 3AIHUTBI 10 [ITyMY, CKOPOCTD BOJIbI BO BXOJHOM
CeYeHUN He J0JKHA MpeBbiaTh 3 M/c. [Ipu Takoii ckopocTu TenjgoHocuTe-
JIS 5KBUBAJIEHTHBIN YPOBEHb 3ByKa 10 1rymy npumepHo paBen 40 dB(A).
Vcxons us atux ycaoBuii, 8 Tabir. 6.5 npecTaBieHbl MAKCUMAILHO 0Ty C-
THUMbIe 0OBEMHbIE PACXO/IBI TEIJIOHOCUTEJISI B 3alI0PHO-PETYJIUPYIOIIEiT ap-
Martype.

Tabanua 6.5 AomnycTumblii 0ObeMHbIN PACXOA BOAbI B KAAMaHax

Turopasmep Kianana dy, My

[Tapamerp
15 | 20 | 25 | 32 | 40 | 50 | 65 | 80

MakcuManbHO J0MYCTUMBII
00BEMHBII PACXOJL TEIJIOHOCUTE IS 1,9 | 34 | 53 | 87 | 13,6 21,2 | 358 | 54,3
Vi M?/4, B KJIanate

[y 3anopHO-peryaupyionieir apMaTypbl, KOTOPOH IIPUCYIIIN KOHCTPYK-
THUBHbIE OCOOEHHOCTH, B TEXHUYECKOM OIMCAHUU Ha TpadiKe 3aBUCUMOCTU
AP = f(V) yKa3aHbI rPaHUIIBI IPE/IETbHBIX EPETAIOB JaBJIEHUS, CO3/IAI0IINX
myM. Tak, Hanpumep, /g niepenyckroro kiaanana AVDO atu rpanuiist 3a-
BUCAT OT TOJIOKEHUS HACTPOMKHU KJIATIaHa, U TPAHUIIA TTPUEMJIEMOTO IIyMa
yKazaHa Ha rpaduke myHKTUPHOU junueil (cM. 1. 6.2.5).

Obpasosarue wyma 8 KIanamax 3asucum om co30a8aemozo UM cOnpomue-
JeHus u ckopocmu menjionocumens. CKopocms menioHocumens nepeo
KIANAHAMU 8 MENL080M NYHKME He D0IHCHA NPEbIulams 3 M/C.
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6.2. ABTOMATMYECKME PEFYASITOPbI MPSIMOTO AEMCTBIS

ABTOMaTHYECKUI PEryJIsATOP — YCTPOICTBO, KOTOPOE pearupyer Ha u3Me-
HeHVEe TTapaMeTPa, XapaKTePHU3YIOIero 0GHEKT PETYTUPOBAHIIS, 1T aBTOMATH-
YecKU yIIpaBJisieT [IPOLECCOM JIJI MOJJIePsKaHUs 9TOrO llapaMeTpa B 3a/laH-
HBIX TIpefiesiaX Wi U3MEeHEHUS eTo 0 OTpeIeIeHHOMY 3aKOHY. ABTOMATH-
YeCKUH peryJsisaTop COCTOUT U3: U3MEPUTEILHOTO, YIIPABJISAIONIero, UCIIOIHU-
TEJIbHOIO U PeryJupylomiero ajgeMenTa. Peryssaropsl npsmoro (Henocpen-
CTBEHHOTO) JIEUCTBUS OTHOCST K aBTOMAaTHUYECKUM PETYJISITOPaM, Y KOTOPBIX
MIpU M3MEHEHWH 3HAUEeHUST PeTyJINpyeMoro apaMeTpa TepeMerieHne pery-
JINPYIONLIETrO 3JIeMeHTa IIPOUCXOJUT TOJIBKO 3a CYET YCUJIMH, BOZHUKAIONUX,
KaK MPaBUJIO, B U3MEPUTETHHOM (4YBCTBUTETHHOM ) 9JIEMEHTE.

Asmomamuneckue pezyismopvl nPsiM0o20 0eiUcmeust we mpeoyiom 0onoiHu-
MEALHBIX UCTNOUHUKOB IHEP2UU.

6.2.1. Peryaatopbl nepenasa AaBAeHUs

ABTOMAaTUYECKHE PETYJISITOPHI Meperajia aBJIeHus — YCTPONCTBA, CTa-
OUIMBUPYIOIIHE PacIiolaraeMoe JaBJeHe PEryJIMPYyeMOTo yUyacTKa Ha 3a-
naHHOM ypoBHe., OOHmIMiA BU PEryJIsTOPOB Tepenaia AaBJaeHUs TOKa3aH Ha
puc. 6.28.

PerysiaTopbl nepenaja JaBJeHns UMEOT MHOT00OpasHoe KOHCTPYKTHB-
HOE WCIIOJTHEHHUE, TIO3BOJISIONIeE TIPUMEHSTh UX JIJIsT JIFOOBIX TIPOEKTHBIX pe-
MeHnH 1o cTabuIn3aliy 1aBjaeHus teronocuTes s, OHU MOTYT ObITh C BHY-
TPEHHe WK Hapy KHOI pe3b0oii, ¢ (hraHIaM, ¢ TIPUBAPHBIMU MaTPyOKaMU.
BBITIOJTHEHBI ¢ OHON WJI HECKOJBKUMHU MMITYJIbCHBIMHU TPYOKaMH, TIPHCO-
eIMHSIEMBIMU K KOPITYCY peryisropa uin tpybonposoy. Komiiekryemebre,
[IPU HEOOXOAMMOCTH, OXJIaJUTeIeM UMITYJIbCa JaBJICHUST, YCTaHABIMBAEMbBIM
MEK/IY IITYIIEPOM 0TOOPA UMITYJIbCa JAABJICHHS 11 MeMOPaHHON KOPOOKOM J1J1st
OXJTKIEHUST TETIJIOHOCUTENISI U YMEHBIIIEHUsI eT0 JIECTPYKTUBHOTO BO3/I€EH-
crBust Ha MeMOpaHy. Co CheMHBIMU [TPUBOJAAMHE JIJIS YBEJIMUYEHMs PasHO00-
PasHbIX KOMOWHAIIMI ¢ cefebHBIMU KJIallaHaMK JTM0O0 €O CTallnOHAPHBIMU
npusogamu. C BapHaHTaMU TOZa4ul UMITYJIbCa AaBJIEHUS B MOAMeMOpaHHOEe
b0 HagMeMOpaHHOEe MPOCTPAHCTBO B 3aBUCHMOCTH OT KOHCTPYKTHBHBIX
ocobenHocreii peryssitopa. C GUKCHPOBaHHOI HACTPONKOIL repenaa JaBJe-
Hs 60 perynupyemoit. [TpuMeHsieMbIMU JJIst TTIO//ICPIKaHUsT Tepernaa JaB-
JICHUSI HAa PeryJiupyeMOM y4acTKe, PeryJInpoBaHus JaBjieHns 10 cebst, 6o
nocJie cebst. VI MHOTOE ZIpyTOE.

KakoBbl ObI HI GBLIM KOHCTPYKTHUBHBIC OTJIMYKST PETYJIATOPOB Ieperna/a
JIaBJICHUSI BCE OHU OCHOBAHBI HA OJIHOM MIPUHITUITE PAOOThI — HAYAIbHOM ypaB-
HOBENIMBAHNN JIABIEHUS TIPY>KUHBI HAcTpoiKky 10 1 1aBiIeHns TerIoHOCUTeIs,
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AFP/VFG

Peryastopbl nepenasa AaBaeHus

vy

AVD — AVA
=
PeryasaTopbl  AaBAeHMs =
"nocae cebs" r

Peryastopbl AaBAaeHus "ao cebs"
AFA/NVFG

Puc. 6.28. Peryaatopsbl nepenasa AaBA€HUA

nepezaBaeMoro uepes ruOkyio auacdparmy (Mmembpany) 7 (puc. 6.29). /luag-
parMa — U3MepUTeTbHBIN deMeHT. OHa BOCIPUHUMAET UMITYJIbCHI JlaBJie-
HUs ¢ 06EUX CTOPOH ¥ COMOCTABJSET X PA3HUILY C 3aJ[aHHON BEJIMYUHOI,
YCTaHABJIMBAEMOI MOCPENCTBOM COOTBETCTBYIOINIETO CXKATUSA MPYKUHBI PY-
KOATKO# HacTpoiiku 9. Kaxaomy unciry 060poToB PyKOATKI HACTPOWKH CO-
OTBETCTBYET aBTOMATHUYECCKH MOIIEPKUBAEMBIN 1iepenaj faBjaeHus. [Ipu Ha-
JIMYUH PACCOTIACOBAHUST 00PA3yIOIIAsCsl aKTUBAIMST uadparMbl mepeaaet-
Cs1 HA MITOK O U IePeMelaeT 3aTBOP KJalnaHa 2 OTHOCUTENbHO PeryJanpyio-
1ero oreeperust. VIMITyJsibe MaBJeHUsT MOMaaeT B HoAMEMOPAHHOE W HAJl-
MeMOpaHHOE TIPOCTPAHCTBO, 06pasyeMoe Kpbiiikamu 6 u 8, uepes mepernyck-
Hoe orBepcTue 12 u mtynep 11.
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Puc. 6.29. YcTpoicTBo peryaatopa nepenasa
AaBAeHus AVP

1 — kopnyc;

2 —3arBop (pasrpy>xeHHbIi);

3 — BKAaAblLL;

4 — coeAnHUTEAbHAas ravika,

5 — wrok;

6 — HMXKHSIS KpbllKa MEMOPAHHOM KOPOOKM;

7 — MembpaHa;

8 — BEPXHSIs KpbilKa MEMOPAHHON KOPOOKH,

9 — PYKOSTKA HaCTPOMKM C BO3MOXHOCTBIO
ONAOMOMPOBaHUS;

10— npy>xknHa HaCTPOKKM;

17 — wryLep AAst MOAKAIOYEHHUS] MMITYALCHOW TPYOKM,

12— nepenyckHoe orBepcTue

BsaumopelictBue perysupyioliero KjanaHa, HallpuMep, PeryJsaropa
TENJIOBOTO MMOTOKA W aBTOMATUYECKOTO PEryJIsATOpa Iepena/ia JAaBjieHus 110-
KazaHo Ha puc. 6.30. OCHOBHAsS CyTh UX COBMECTHOU PabOTHI 3aKJIIOUAETCS B
TOM, UTO JIIOObIE BO3MYIIEHW TIePerajia JaBJIeH s B TOYKax 0TOOpa UMITYJIb-
ca JlaBJieHus1, cosjiaBaeMbie paboTOi peryysaTopa TeIJIOBOTO MOTOKA, KOM-
MEHCUPYIOTCS CO3/IaBAEMBIM TIEPEIaioM JlaBjieHus APy, Ha KJalaHe aBTOMa-
TUYECKOTO peryJsTopa Iepernaja jgaBiaeHus. IIpyu aToMm 3a7iaHHbIi 1eperajy
JIABJICHUS HA PETYJATOPE OCTAETCS TMOCTOSHHBIM U COOTBETCTBYET TIOTEPIM
JIABJICHUS HA PETYJIMPYyEMOM yuacTke AP = const. 30Ha aBTOMAaTHYECKH MO/
JIep’KUBAEMOro Teperaja AaBjieHrs 5 3alTpUXoBaHa Ha rpauke B KOCYIO
JINHUIO.

B nipejiesiax 30Hb1 5 paboTaeT peryJistop TermnoBoro moroka. Conporus-
JIEHUE 9TOU 30HbI PABHO COTIPOTUBJICHUIO PETYJIUPYEMOTO ydacTKa (KpuBas
7 6e3 ydera MoTepb AABJICHUS B PErYJSATOPE TEMIIEPATYPbl) W CONPOTHBIIE-
HUIO PETyJISATOpa TEIJIOBOTO TTOTOKA, PA3JI0KEHHOTO HA aKTUBHYIO 1 [TACCUB-
Hyl10 coctaistonue. [TaccuBhyio coctapistiontyio APyg OTIpeiesisiioT 110 MaK-
CHMAJIbHON TIPOITYCKHOU CIIOCOOHOCTH Kyg PETYJISITOPA TEIJIOBOTO MOTOKA U
pacueTHOMY pacxoiay teronocurens Vy. C ydyeToM aToll cocTaBgionieit
KpuBas 7 3aHUMAeT TOJIoKeHe KpuBoii 8. /lanbHeilliee ee cMelieHue MOXKeT
MTPOMCXOUTD TOJBKO BJIEBO, HATIPUMEDP, B MOJIOKEHUE 9 32 cUeT aKTUBHOM
COCTABJIAIONICH OT MepeMeIeHnd MToKa PeTyJiaTopa TeIJI0BOTo MoToKa. 13
BepxHero rpaduKa ciaeyeT, 4YTo 4yepes PeryasiTop TelJI0BOTO OTOKA HU TIPU
KaKUX 00CTOSITEIbCTBAX HE MPOM/IET TEIIIOHOCUTEND ¢ OOIBIIIM PACXO0M,
4yeM Vy, TOCKOJIbKY Ha PETYJIUPYEMOM YYacTKe TIPU MAKCUMaJIbHO OTKPBITOM
peryJiaTope TEeIJIOBOro MOTOKA KpUBad 8 HUKOT/a He CMECTUTCS BITpaBo. Ta-
Kas coBMecTHas paboTa KaanaHoB yurena B [80] u I0IyIIeHO B HTOM Ciiydae
He IPUMEHSATD JUMUTHYIO uadparmy.
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Puc. 6.30. OrpaHnyeHne pacxoaa TEMAOHOCUTEAS PETYAITOPOM Nepenaaa
AQBAEHUS U PErYAITOPOM TEMAOBOTO MOTOKA:

1 — XapakTepmucTuka TernAoCeT A0 Peryastopa rnepernasa AaBAeHusl B pac-
YETHOM pexmme; 2 — TO XXe, C y4eToM acCUMBHOM COCTaBASIOLWEN 10Tepb
AABAEHMS B PETyASTOPE Neperaa AaBAeHms; 3 — TO Xe, C y4eTOM MaccuB-
HO¥ 1 aKTMBHOM COCTaBASIIOLLEN 110Tepb AABAEHMs1 Ha PeryAsaTope reperasa
AaBAeHMs; 4 — TO ke, 1Ppr yMeHbLIEeHMM PACXOAA TeMAOHOCHTEAS MpH 3a-
KPbIBAHMUM PEryAsTopa TernAOBOro roTtoka, 5 — 30Ha aBTOMatM4eckm MoA-
ACPXKMBAEMOTO 1epernaa AaBAeHMs PEryATopoM reperasa AaBAeHus; 6 —
XapakTepucTUKa HeperyAsMpyemoro Hacoca TernaoceTy; 7 — xapakTepucrmka
PEryAMpyemMoro y4actka 6e3 yueta rnotepb AABAEHMUs B PErYASTOpE TenAo-
BOIO I10TOKa; 8 — TO Xe, C y4eTomM NacCUMBHOM COCTaBASIIOLLeN MOTePb AaB-
AEHUS1 B PEryAsITope TernAOBOro rotoka; 9 — 1o e, C y4eToM MacCMBHOM M
aKTMBHOM COCTaBASIIOLLIEN MOTEePb AABACHMS PEryAsaTopa TerAOBOro rotoka

[Ipu 3axpeiBanum PT ymenbiaeTcst pacxo/| TETVIOHOCUTENST. DTO TIPUBO-
JIUT K MI3MEHEHNTO XaPaKTEPUCTUKU CHCTEMBT TETUIOCHAGKEHIIST 13 TTOTOKEHHUST
3 B HIOJIO)KeHUe 4 1 BO3pacTaHUIO aKTUBHOM COCTaBJISIONIEH 110TEPD JlaBIeHUs
AP, Ha perysiaTope epelajia JaBjieHus cooTBeTcTBeHHO Touek A u B, Oxna-
KO Ha pETyJIMPYEeMOM YYacTKe COXPAHUTCH aBTOMATHUUYECKU TIOZJICP:KUBae-
MBbIi1 Tiepena gaBjaenus. [loaToMy 11 HArIATHOCTUA BEPXHEN YacTU PUCYH-
Ka OCHOBaHWE OCH OPJMHAT SIBJSETCA OOIIUM JIJIS YKa3aHHBIX ToueK (APj,
APg). llpu paccMoTpeHn KPpUBOH 8 3a OCHOBY cJenyeT TpUHUMAaTh APy, a
KpuBOii 9 — APg.
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[Torepu naBiienust, co3laBaeMble CMeIEHNEM X0/Ia MMTOKA (AKTUBHAS CO-
crasJjisiiomast AP, ) peryJsitopa nepernajia JaBjieHus, oOpas3yioT 30Hy, KOTO-
past 3aIITPUXOBAHA CETOUKOM. JTa 30HA OTPAHNYEHAa MAKCUMAJIbHBIM U MUHU-
MaJIbHBIM TIePEeNajioM JlaBjieHust. MakCUMaJIbHbIN TTPUMEPHO PaBEeH HAIOPY
Hacoca, T. e. AP,y = AP, (ieBas Tpanuiia). B aToii 30He perysisTop faBjieHus
paboTaer B IOYTH 3aKPHITOM MOJIOKEeHUN. MUHUMAIbHBIN TIeperaj JaBjie-
HUS B 30He paboThI peryJ/isitopa paBeH HyJio (1ipaBast rpaHuiia). Peryistop
MOJTHOCTBIO OTKPBIT. Co3/1aBaeMble UM ITOTEPU JIABJIEHUST XapaKTEPU3YIOT
JINTIb TTACCUBHOM COCTaBJISAIONIEN APy OmpenesnsieMoil ero MaKCUMaabHOU
IPOIIYCKHOM crIocOOHOCTBIO Kys 3a IpeesaMu MUHUMAIbHOI IPAHULIBI pe-
IyJIMpOBaHUE OTCYTCTBYET, T. K. MeMOpaHa HaXOAUTCS B KpailHeM II0JI0Ke-
HUM U YIILPAETCs B MEMOPAHHYIO KOPOOKY.

W3 nuxHero rpaduka cienyer: BBIOOP Pery/IaTopa Iepenaga AaBaeHus
HeOoOXOIMMO OCYLIECTBJISATH TAKMM 06pa3oM, uToObI ero paboTa He monajgana
B 30HY MUHUMAJIbHOTO Iepenaja Aasaenus. s 5Toro HeoOXoqumo, 4To0bI
APyg B cyMMe ¢ aBTOMATUYECKU TTO/IIEP;KUBAEMbIM UM TIEPETIA/IOM JIABJIEHUS

AP OBl MeHbIIIe pacriosraraeMoro JaBJICHUA. TOI'lIa XapaKTEpUCTUKaA TEII-

Jocetr GyJIeT COOTBETCTBOBATD He KpUBOii 2, a kpuBoii 3. ITITok peryssropa
TP PACYETHBIX YCIOBUAX CMECTUTCS 13 MOJHOCTBIO OTKPBITOTO B TPOMEIKY -
TOYHOE TOJIOKEHUE, COOTBETCTBEHHO TOYKUA A. OH CMOXKET He TOJIbKO 3a-
KPbIBATHCS TIPU YBEJIUYEHUH JIaBJICHUS B TEIJIOCETH, HO M OTKPBIBATHCS TIPU
ero yMeHblleHnu. besycaoBHo, A7 TI0JHOTO yueTa TaKo! paboThl PEryJisiTo-
pa rneperajia JaBJIeHus HeOOXOJANMO 3HATH OTKJIOHEHUE JIABJIEHUS B TEILIO-
ceTu Ha abOHEHTCKOM BBO/IE.

OTMuuTeIbHON 0COGEHHOCTBIO PEryJIsATopa AaBjeHus "tmocie cebs”
60 "o cebsa” ABJIeTCA TO, 4TO 10 00€ CTOPOHBI MeMOPAHbI BO3AEICTBYIOT
He JIBa UMITYJIbCa JABJEHUS TEIJIOHOCUTEJSA, KaK y PEryJsiTopa neperaja
nasiienust, a ojH. Co BTOPOIii CTOPOHBI MeMOPaHbI JieiicTByeT atMocdhepHOe
JlaBJieHue.

Vmnysbe paBieHUs TEIJIOHOCUTENS PEryJisiTopa JaBjeHusd "Toce ce-
651" oTOUpaeTcs Ha BBHIXOJIE U3 KJIAllaHa 0 HATIPABJICHUIO IBUKEHUS TEII0-
HOCHUTEJIS, OJZIEP:KIBAs 3a/JaHHOE JIaBJICHIE HA TIOCTOSSHHOM YPOBHE B TOY-
Ke 0TGopa 9TOro uMITyJbca. [pu yBesnueHnn JaBieHus: TEIIOHOCUTENS Ha
BXO/I€ TAKOTO PETYJISITOPA OH MPUKPBIBAETCS, 3AlUINAsT CUCTEMY OT U30bI-
TOYHOTO JIaBJIEHUS, HO HE OT OTIOPOKHEHUS.

VIMIIyJIbC JABIEHUS TEIIOHOCUTEIS PEryJIsiTopa AaBjieHus 1o ceba” ot-
GupaeTcss Ha BXOjle KJallaHa, cTabuaM3upys B aTO# Touke jaBienue. [Ipu
YMEHBIIIEHUU JIaBJICHUS TEIJIOHOCUTENSI HA BXOJIE TAKOTO PETYJISATOpPa OH
MPUKPBIBAETCS, 3AlUINAst CHCTEMY OT OMOPOKHEHUsT OO OT BCKUMAHUS
terioHocuTess. Cielyer UMeTh B BUJLY, YTO PETYJISITOP HE CMOKET TTOAJIep-
JKUBAThH JIaBJIeHNUE JI0 cebst OOJIbIIee, 4eM JIABJIEHHE B MOJIAIOIIE MATHCT DA,
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Beibop peryJisitopa OCyIECTBIISIOT 110 €r0 MaKCUMAJIbHOI IIPOIYCKHOM
criocobrocTr. Ciie/lyer cTpeMUThCs K TOMY, 4ToObI TpebyeMast IporyCKHast
CII0COOHOCTH PEryJIaTopa ObLIa HUMKE MAKCHMAIbHON IIPOIYCKHON CIIoco0-
HoCTH, HO He Gosiee ueM Ha 70 %. Tpebyemblii aBTOMAaTHYECKH TO//IEPIKIBA-
eMbIi TIeperajl IaBIeH s, THO0 AaBTOMATUYECKH OIEPKUBAEMOE JIABJIEHITE
PEryJIsITOPOM JIOJIKHO HAXOJMTLCS MPUMEPHO B Cepeluie PEeryJupyeMoro
UM JIMania3oHa. Y CTaHOBKY PEryJisiTopa Ha TpebyeMblii Tiepera ] JaBieHust, Tioo
HA JIaBJIeHUe OCYIIECTBIISTIOT COOTBETCTBYIONIIM [TOBOPOTOM FaiKi HACTPOUKU.

HekoTopoe KOHCTPYKTHUBHOE OTJIHYUE UMEIOT PEryJsiTOPbI Ieperaja
JIABJICHUS C PYYHBIM OTpaHnunTeseM pacxoza (puc. 6.31). Y aTux kiamnaHoB
BHYTPHU KOPITyca PacioJiosKeHbl 1Ba 3aTBopa. OanMm (6) ynpasigeT aBToMa-
tuueckuii npusoz (Mem6Gpana 10), BTopoil 3atBop (4) HacTpauBaiOT BPyY-
HyI0. B peryisatope o6beIMHEHbI B OJIHOM KOPITyce Kiarnana (pyHKIIUN aBTo-
MATHYECKOTO PeryJIMpPOBAHUS JABJIEHIS 1 PYYHOTO OrPAHUYEHUsT PACXO/a.
[ToaTomy aBTOMATUYECKU TTO/IEPIKUBAEMBIIT TIePeIa] [ABJIeHUsT HA PEryJis-
TOpe paBeH IoTepe [aBJIeHus Ha PEryJINPYeMOM YUacTKe U OTePe AaBJIeHUs
Ha OTpaHUYUTeNe pacxoja. XapakTepHbIM BU3YATbHBIM IIPU3HAKOM TaKOTO
PEeryJsiTopa sSIBJISIETCST HATIYUe IPOCCEIs, PACIIONIOKEHHOT0 HA KOPITyCe pe-
IyJISITOPA TPOTUBOIIOIOKHO ABTOMATHYECKOMY TIPUBO/LY.

Puc. 6.31. YcTponcTBo peryasatopa nepenaaa
AaBAeHus AFPB-F/VFQ

1 — rasika HaCTPOKKKM OrPaHNYHUTEAS PACXOAa;

2 — WTOK OrpaHnHYMTeAs PACXOAa;

3 - kopnyc;

4 — 3aTBOP OrpaHM4MUTeAs PACXOAa;

5 — ceano;

6 — 3aTBOP PEryAITopa AaBAEHUS;

7 — WTOK PEryAsaTopa AaBAeHMs;

8 — Kpblwka;

9 - membpaHHas kopobka;

10— membpaHa;

11 — nipeAoXpaHNTeAbHbIN KAaraH;

12— wryuep AAsi UMIYABCHO# TPYyOKM OT
roAaiolLero TpybornpoBoAa;

13— cuAbhoH

Orpanuyenuie pacxofia OCYIIECTBJISIOT MOBOPOTOM TallKM HACTPOWKH
[IPOTUB YACOBOU CTPEJIKK U3 3aKPBITOTO MOJIOKEHIST B COOTBETCTBUU C A~
IPaMMOIi, TIPeIOCTABIAEMON B TeXHUYeCKoM ortncanuu [62]. [Ipu BHemrHeM
ABTOPUTETE OrPAHIYNTEIST pacxojia cBbiiie 0,5 pacxoHble XapaKTePUCTUKH,
[pe/IocTaBJseMble TIPOM3BOAUTENEM, ¥ PeaibHble OyyT NPUMEPHO OjinHa-
KOBBI. BHENTHUIT aBTOPUTET OTPAaHUYNTEIIS PACXOIA OTIPEAEIISIOT 10 TToTepe
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Puc. 6.32. Pabota peryastopa nepenasa AaBA€HUs C OrPaHUUUTEAEM
pacxoAa U PEryAaTopom TEMAOBOIO MOTOKA:

1 — XapakTepucTika TeraoCeTH A0 PeryasTopa reperaa AaBAeHms B pac-
HYETHOM PEXHUME; 2 — TO XKe, C yHETOM MacCMBHOM COCTaBASIIOLLEN 10TEPD
AABAEHUsI B PEryASTOPE reperiasa AaBAeHus; 3 — 1o Xe, C y4eToM accmBs-
HOM M aKTUBHOW COCTAaBASIIOLLEN MOTEPb AABAEHMS Ha peryAsiTope reperna-
AQ AaBAEHMS; 4 — TO Xe, MPU YMEHbIIEeHMN PaCXoAa TENAOHOCUTEAS pery-
ASITOPOM TEMAOBOIO MOTOKA;, 5 — 30Ha aBTOMAaTHMYECKM MOAAEPXKMBAEMOrO
rnepenasa AaBAEHUs PEryAsiTopoM Meperaa AaBAeHus, 6 — XapakTepmucTu-
Ka HeperyaAmpyemoro Hacoca TernAoCeTH;, / — XapakTepucTuKka peryAmpye-
MOro y4acTka 6e3 y4yeta norepb AaBAEHMSI B OrpPaHuumMTere PacxoAa M
peryAsTope TerAoBOro rotoka; 8 — 10 Xe, C y4eToM MacCUBHON COCTaBAS-
foLest MoTepb AABAEHHUSA B PETYAITOPE TEMNAOBOIO M10ToKa, 9 — 10 Xe, C yde-
TOM [10TE€Pb AABAEHMSI, CO3AaBaAEMbIX OrpaHmn4YuTeem pacxoaa, 10 — 1o xe,
C yHEeTOM aKTMBHOM COCTABASIOLEN M10TEPL B HEM

JIaBJIEHUS] HA HEM, OTHECEHHOU K aBTOMATUYECKU TOJI/IEPKUBAEMOMY TIepe-
nany gasienus. [ 6ojiee TOYHOI HACTPOIKY Ha PACXO CIEMYeT OIpese-
JUTh GAa30BBII ABTOPUTET OTPAHMYKUTEISI PACX0A U YYECTh BAUSHUE BHEII-
HErO aBTOPUTETA HA €T0 PACXOHYIO XapaKTEPUCTUKY.

Orpanunyenue pacxo/ia Ha PEryJUPYEMOM YUYacTKe MPOUCXO/UT 32 CUET
JIOTIOJIHUTELHOTO COITPOTUBJIEHNUS, CO3/IABAEMOT0 3aTBOPOM OTPAHUYMTEJIS
pacxoza 1pu ero Hacrpoiike. Yem GoJibliie €ro CONPOTUBJIEHNE, TEM Kpyde
kpuBagd 9 (puc. 6.32) u TeM MeHbIIle PAcXO/l HA PErYJUPYEMOM Yy4acTKe
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(comnoctasb ¢ puc. 6.30). IIpu aTOM ciieyeT UMeTb B BUJLY, YTO YMEHbBIIICHUE
pacxojia OTpaHUYUTEJIEM, T. €. YBEJIMUEHUE €r0 BHEITHETO aBTOPUTETA, CHUKA-
eT BHEIIHUI aBTOPUTET KJIaraHa PeryJisiTopa TeIioBoro noroka. Takoe B3au-
MOBJIUSTHUE PETYJISITOPOB JIOJKHO OBITh I1leJIEHATIPABICHHBIM, HAIPUMED, Ha
JIMHEAPU3ANUIO JTOTapU(MMUYECKON XapAKTEPUCTUKU KJIATIAHA PETYJISITOpa
TETJIOBOTO MTOTOKA.

Pezynsimop nepenada dasaenust na abonenmekom 6600e, NOMUMO OCHOBHOU
pynxuuu — obecneuenus cmabGuIbHOLL PadomvL Meniocemu nymem 0zparuye-
HUS MAKCUMATBHO20 NOMOKA MENIOHOCUMEINS, CO30aem Yciosus phdexmus-
HOU PABOMbL Pe2yrupyIowemMy Ki1anamy, NOGbIUAs €20 BHEUHUL AGMOPUMen;
YAYUUACT KAYeCME0 Pezyiuposanis 00b6exma pezyiuposaniis, 3auguuaen
o6vexm pezyauposanust (Pezyiupyemviil Yuacmor,) om GAUsHUs KONeOAHULl
Oasnienust MeniOHOCUMENs U3GHE.

6.2.2. Peryaatopbl pacxoaa

ABTOMATHUECKHE PETYJIATOPHI PACXO/IA IPUMEHSIOT IS CTabUIN3aIuK
pacxozia terionocutend (puc. 6.33). B orommuue ot iuMuTHON nuadparmol,
PETYJIATOPBI pacxojia PaboTaioT MPU IEPEMEHHOM Tiepenajie IaBIeHusT KaK B
TETJIOCETH, TAK U WHIKEHEPHBIX CUCTeMax 3/[aHWs, YCTPAHAs X pas3peryJiu-
poBky. Heo6X0MMOCTh UX YCTAHOBKY BbI-
3BaHa TeM, 4TO JaKe B OAHOTPYOHBIX JIOO
JBYXTPYOHBIX CHCTEMaX OTOIJIEHUS C TIO-
CTOSHHBIM TUPABJINYECKUM PEXKUMOM B
JICHCTBUTEIBHOCTH TPOUCXOAAT 3HAUU-
TeJIbHbIe KoJlebaHMst Pacxo/ia TemJIOHOCH-
TeJis, BbI3bIBAEMbIC M3MEHSIOIIUMCS IPABU-
TAIMOHHDBIM JIABJIEHHEM 1 PabOTOil TepMO-
PETYJIATOPOB Y OTOMHUTEJNbHBIX TPUOOPOB
[18]. Ecsm Ha crosikax uim mpubOpHBIX BET-
KaxX TaKUX CUCTEM He ITPEyCMOTPEHBI PeTy-
JISTOPBI PAcXofia, TO TIO0 KpaiiHel Mepe ero
Puc. 6.33. Peryastopbl pacxoaa ciefryer yCTaHOBUTD B TEIZIOBOM IIyHKTE.

[IpuHIMTIMANBHBIM OTJIMYMEM PETy-
JIATOPA Pacxo/ia OT PEryJsATopa Iepernajia JAaBICHUS ABJISETCA TO, YTO OH
JIOTIOJTHUTEJIBHO COJICPKUT BCTPOCHHDBIN PETYJIMPYEMbIii IPOCCETb, HA KOTO-
POM aBTOMATHMYECKHU MOJJIepKUBaeTCa (DUKCUPOBAHHBIN Tiepenaj JaBJie-
Hus. [lpoccenb gBiisieTcs €IMHCTBEHHBIM 3JIEMEHTOM PETYJIHUPYEMOTO
YUACTKA, T. €. PErYJISITOP PACXOjla PETYJUPYeT Mepenaj MaBjieHust Ha co0-
CTBEHHOM JIpocceJie, MOJIePKUBas ITOCTOSHHBIN pacXo/l uepes Hero.

AVQ

AFQ
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W3mepuTesbHbIM 2JIEMEHTOM PErYJIITOPA Pacxojia siJjsiercs nuadpar-
ma (membGpana) 7 (puc. 6.34). C 06enx cTOpOH OHA BOCIIPUHUMAET MUMITYJIb-
ChI IaBJICHMSI Yepe3 T10JIblii 3aTBOP 12 1 BHEIIHIOO UMITYJIbCHYIO TPYOKY (110~
KazaHa Ha puc. 6. 33), conocTapJsAg UX Pa3HUILy C 33J]aHHON BeJIMYUHON (Ha-
npumep, Ha AV Q 3aBojickast HacTpoiika ocyiectsiena Ha 20 kI1a) na apoc-
cesie 3. [Ipu paccorsiacoBanuu faBieHuil IPOUCXOIUT AaKTUBAIUS Auadpar-
MBI 7, KoTopas mnepefaercsa yepe3 mTok 11 u nepemeniaer 3atsop 12. Ito
paccoryiacoBaiie IaBjieHUsT MOMEHTAIbHO KOMIIEHCUPYETCS CO3/IaBaeMbIM
HeperajioM JiaBjienus Ha 3aTBope 12, He [oMycKasi MPEBbIIIEHUs PacXoa
TEIJIOHOCUTEJISI YepPe3 PEryysaTop. Y CTAaHOBKY PacXojia OCYIIeCTBIISIIOT I10-
BOPOTOM JIPOCCEJIs 3 TIPOTUB YACOBOU CTPEJIKK U3 3AKPBITOTO TOJI0KEHUSI.

Puc. 6.34. YCTponcCTBO peryastopa pacxoaa
AVQ:

1 — KoAnayok;

2 — KpbllIKa;

3 — ApocceAb OrpaHMYMTeAs] PACXOAA;

4 - nepenyckHoe oTBePCTHE;

5 — coeanmnmntesbHas ravika;

6 — HUXKHSIS KPblLLKa MEMOPaHHOM KOPOOK#M;

7 — membpaHa;

8 — BEPXHSIs KpbilLKa MeEMOPaHHON KOPOOKH,

9 — BCTpOeHHasl NPy>X1Ha KOHTPOASI PACXOAA;

10— BTyAKa;

11 — wrok;

12 — pasrpy>keHHbiéi 3aTBOP

Crabuimsanust pacxo/ia TEIUIOHOCUTEJIST HA PETYJISITOPE Pacxo/ia mnepe-
JIaeTCsl Ha BECHh PETYJIMPYEMbIH yIaCTOK, KOTOPBIM MOXKeT ObITh BCSI CHCTe-
Ma. BaanmoielicTBre perysisgtopa pacxoja ¢ CUCTeMO OKa3aHo Ha puc. 6.35.
[Ipu yBesnvyeHUM COMPOTUBJICHUS CUCTEMBI Ha AP ee XapaKTepucTuKa 3

CTPEMUTCS 3aHSITh noJioxkenune 5. Ho peryssiTop pacxoia mpornopIuoHaIbHO
MPUOTKPBIBAETCS, YMEHbIIIasl TOTepy AaBieHust AP, Ha cebe, T. e. AP, = AP.

Takas KomIieHcanyst aBieHust OCTABJIIeT XapPAKTEPUCTUKY 3 HA TIPEKHEM
mecre. [Ipu yMeHbIIIeHUY COTIPOTUBJIEHUST CUCTEMbI TPOUCXOUT AHAJIOT Y-
HO MPOTHBOIOJIOKHAS paboTa Peryisitopa pacxo/a: Mpu YMEHBIIEHUN CO-
MPOTUBJIEHUSI CUCTEMbI PETYJISITOP PACXO/Ia TPOIOPIIMOHAIBHO TPUKPHIBA-
ercs. Takum 06pas3oM, B PeryisiTope pacxo/ia B YaCTHOCTH M B CUCTEME B T1e-
JIOM PACXO[l TEIJIOHOCUTEJIS U ITOTEPU JABJIEHUST OCTAIOTCSI TOCTOSTHHBIMHU.
Ha puc. 6.35 rokasanbi XapaKTepUCTHKK 4 U 5, K KOTOPBIM CTPEMUTHCSI CHU-
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CTeMa COOTBETCTBEHHO TIPY YMEHBIIEHUU U MIPY YBEJTNYEHUN COMTPOTHUBIICHUS.
Hampumep, Ipy IIOJHOCTBIO 3aKPBITBIX W TIPH TIOJHOCTBIO OTKPBITBIX TEP-
MOPEryJISITOPax y OTONUTEIbHBIX TPUGOPoB. B aTOM ciryuae kpuBas 5 xa-
paKTepU3yeT CONPOTUBJIECHIE OAHOTPYOHOI CHCTEMbI OTOTIIICHUST, CO3/laBa-
eMoe IUPKYJISIUEH TeIIOHOCUTESI TOIbKO Yepe3 3aMbIKAIOIINe YIaCcTKH
60 0OBOJIHBIE YYACTKU Y3JI0B OOBSI3KHM OTOIMTEIBHBIX MPUOOPOB, a KPH-

36”'0&36),‘,9

0
Puc. 6.35. Pabota peryasTopa pacxoaa:
1 — xapakTepucTuka Hacoca, 2 — xapakTepucTiKa cuctemsl 6e3 y4eta rno-
Tepb AABAEHUS B PEryAaTope pacxoAa; 3 — TO Xe, C y4eToM MoTepb AaBAe-
HUsI B PErYyASITOpE pacxoAa (cuctema B pacyeTHOM M paboyem pexmume);
4 u 5 — XapakTepuCTUKU CHMCTEMbI COOTBETCTBEHHO [PU YBEAUYEHMU U
YMEHbLUIEHMU ee COMPOTUBAEHHS
Bag 4 — gepes3 9T YYaCTKU U Yepe3 OTOIMUTE/IbHbIE HpI/I60pr.

Beinenennas 3amTpuxoBaHHast 30HA MeXK1Y KPUBBIMU 4 U 5 OXBATbIBa-
eT /IMana3oH BO3MYIICHUI THUAPABIMYECKUX TIAPAMETPOB PETYJIHUPYEMOTO
y4YacTKa, KOTOpPbIE YCTPaHsIeT aBTOMATUYeCKUH peryadaTop pacxozaa. /1is To-
r0 4TOGBI PErYJIATOP PAcXo/a MOT PEryJIMpoBaTh KaK PY YBEJIUUEHUH J1aB-
Jlenusi (OTKPBIBAHUEM), TaK TIPU €ro yYMeHbIlIeHWU (3aKpbIBAHUEM) TIPU
MIPOEKTUPOBAHUH TEIJIOBOTO MYHKTA CJEAyeT TpelyCcMaTpuBaTb MUHU-
MaJIBHBIHM 3arac JaBJIeHUs, peKOMeHIyeMblil ipousBoauTeseM. Jag AVQ
on pasen 0,5 6ap. DTOT 3a1mac HEOOXOAUM I, HAYAIbHOTO CMENIEHHU 3a-
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TBOpPa B IPOMEKYTOUHOE paboyuee MOT0KeHHe.

Pezynsmop pacxoda cmabunrusupyem pabomy cucmemvl ¢ meuenue Oiu-

MeALHOZ0 8PEMEHU IKCNIAYAMAUUU NYMEM KOMNEHCAUUU 803PACAHUSL 2U -

OpasIuueck0zo conpoOmuUEIeHUs. INEMEHMOE CUCTNEMbL OM KOPPO3UU U HA-

KUNU, KOMNEHCAUUU KOLeOAHUT 2DABUMAUUONI020 ABLeHUS, KOMNEHCA-

yuu Korebanuii 0asienis npu padome mepmopezyismopos iy Omonumens-
HOLX NPUOOPOB, KOMNEHCAUUY KOLeOANUL OasNeHUs. 8 MENLOCEMU.

6.2.3. Peryaatopbl Temneparypbl
Peryngropsl Temmeparypbl TPsMOTO JEHCTBUSA IpeHA3HAYEHDI IS
MOJJIePKAHUS TeMIIEePaTyPbl BOJIbI
B Goiljiepe MM Ha BBIXOJIE U3 TeTl- .

J1000MeHHMKA, 1100 TEMIIEPATY Db

BO3/yXa 3a KajopudepoM Ha 3a-

naHHoMm ypoBHe (puc. 6.36).

[Tpurnun ux paboThl COCTOUT B

YMEHBIIIEHUHN TPOXOIHOTO ceye-

HUA Kiamana (3akpbIBaHue) Tpu 4 .

MOBBIIIECHUT TEMITEPATyPhI.

Peryngaropsr AVIB u AVT
MPUMEHSIIOT TIPEUMYIIECTBEHHO B AVTB AVTIVFG FV
CHCTEMAX TOPSYEro BOJOCHAOKE-

Hust. B 3aBucuMocTr ot ucnosib3y-  Puc. 6.36. Peryasatopbl Temneparypebi
€MOro JIATYNKA UX MOTYT yCTaHaB-

JIMBaTh Kak Ha IOAIOIIEM, TaK 1 Ha oOpaTHoM Tpyborposoze. Oxnako AVTB
20-60 °C Heo6X0MMO BeeT/ia yCTaHaBJIMBAThL TOJIBKO Ha 0OpaTHOM TPy6OTI-
poBojie, 4TOOBI TeMIlepaTypa JaTyrka Obljia BbIIE TeMIepaTypbl KOpITyca
KJIaraxa.

OrnnuntesnbHas ocobeHHocTbh AVT COCTOUT B TOM, YTO TEPMOITIEMEHT
SIBJISIETCSI CHEMHBIM M MOKET OBITh YCTaHOBJIEH Ha JIIOO0N Peryupyronmia
kranan VG2. Kpome TOro, mocpejicTBOM CIeIUalbHON COeIUHUTETHbHOMN
JIeTalin, OH MOXKET COYETAThCS B PA3INIHBIX KOMOMHAIUSX JIJIST IBYXTEMITE-
PaTypHOTO PeryJnpoBaHus, OHOTEMIIEPATYPHOTO PETYIMPOBAHUS U obec-
nevyeHust remieparypHoit 6esomnacuoctu tepmocratamu STIL wiu STIW.,

B ocHOBY paboThl peryJisitopa TeMIepaTypbl MOJ0KEH MPUHITUIT 00 beM-
HOTO pacmupenusi. Harpumep, npu n3MeHeHNUU TeMIIepaTypbl U3MepseMOoii
cpenpt peryagropoM AVTB (puc. 6.37) nsmensiercs paBjieHue rasa, KOTo-
PBIM 3aII0JTHEH YyBCTBUTEbHBIN ajieMeHT 12 (aTuuK), U riepeiaeTcst yepe3
KalmJUISIPHYIO TPYOKY B cuiibdouHbII y3ea 9. Cuiib(hoH B 3aBUCUMOCTH OT
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JIaBJIEHV ra3a B JaTuuke Jubo yAJIMHAETC, TUO0 YKOPAYMBAETCSA U, BO3-
NIelicTBYsI HA IITOK 5, epeMelaeT 3aTBOp KJianana 8. 3aTBop, B 3aBUCUMO-
CTH OT TIOJIOKEHUS, TPOITYCKAET TEIIOHOCUTENb B GOJIbIIEH, 160 MeHbITeit
creneHr. HacTpoiiky peryssitopa Ha MoJiep;KUBaeMyIo TeMIlepaTypy ocy-
MIECTBJIAIOT BpallleHUEM MaXOBUKa 1, peryjampys CTeleHb CxKaTus TPYKu-
Hbl 3. Cuioil naBjeHus TPYKUHBI ¢ OJIHONH CTOPOHDBI W JIaBJIEHUEM Ta3a B
cuiib(hOoHe ¢ APYroil CTOPOHBI 0GECIIeYNBAIOT PABHOBECHOE COCTOSTHUE 3a-

Puc. 6.37. YCTponcTBo peryaatopa
Temnepatypbl AVTB:

— MaxoBUK;

— KOXYX;

— peryAvpyiowas rpyxmHa;

— KOAbLIEBOE YIAOTHEeHME;

— WTOK;

— Anagpparma;

— Kopnyc;

— 3aTBop;

— CHMABGPOHHBIN Y3€eA;

10— cuabghoHHbIV cTOMOp;

17 — WTOK CHMAB(POHHOIO y3Aa,

12 — Aatyumk;

13— caAbHMK KanMAAsIPHO# TpyOKm

OO WN —

TBOPA, COOTBETCTRYIOMIEe Tpebyemoii Temneparype. uadpparmbr 6 ¢ 06enx
CTOPOH IIITOKA PA3TPY’KAIOT KJAMAH 110 JIABJIEHUIO TEILJIOHOCHUTEs, 00JIer-
yas peryJjnpoBaHue 0ObeKTa.

[latuuk perymnsitopa Temreparypbl 12 pacnosaraioT B CHElUaIbHOM
rusib3e. [Mib3y yeTaHaBAMBAIOT B TPYOOIPOBO/ NGO BO3AYXOBO/| HABCTPEUY
noToky. Ilosoxkenune gaTunka Kak OTHOCUTEIBHO BEPTUKATBHON TIJIOCKOC-
TH, TaK U OTHOCHUTEJBHO KOpITyca KJjalaHa cJeayeT NPUHUMATh 10 PeKo-
MEHJIAIMSIM TPOU3BOIATEIA.

JlaTuuK COBMECTHO C HACTPOEUYHBIM Y3JI0OM 00pa3yioT TEePMOIJTIEMEHT.
YcranaBauBas KujgKocTHbie TepmoasieMeHTsl cepun AFT (puc. 6.38) na
JIBYXXOJIOBBIE M TPEXXO/I0BbIE peryaupyioniue kianausl cepun VFG, o6pa-
30BBIBAIOT PETYJISATOPBI TEMIIEPATYPbl U OTPAHUYMUTENN TeMiieparypsl. [Ipu
HTOM HACTPOEUHBIH y3€JT MOJKET OBITh KaK BCTPOEHHBIM, TAK 1 BBIHOCHBIM, &
JIATYUK — C OTPYKHO# THIB30H, 6o Ge3 Hee. B nocsenem cayvae sHaun-
TEJbHO YMEHBIIAeTCHA WHEPIMOHHOCTD OTCICKUBAHUSA TeMIepaTypbl (110-
crosinaast Bpemenn) — co 120 ¢ no 20 c. Takoii 1aT4uK BHITIOJIHEH C HABUB-
KOI. BO3MOXKHBI Tak:Ke pasinyHbie KOMOWHAIIMH TTOJy4AEMBIX PEryJisiTo-
pos ¢ tepmoctaramu 6ezonacuoct STFW u STFL i1 KOMIUIEKCHOTO yTI-
paBJieHUS TEIJIOBBIMU MTPOIECCAMMT.

178



COBPEMEHHbIE TEMAOBbIE MYHKTbl. ABTOMATUKA W PEF'YAMPOBAHME M

Hexoropoe KOHCTPYKTUBHOE OTJIHYNE
uMeeT KJIANAH-OTPAHUYHUTENb TeMIepaTy-
pbI BO3BpalllaeMoro TernsioHocutesst FJV.
Ero ycranaBauBaioT Ha o6paTHOM TpyOOII-
POBOJIE HEITOCPEICTBEHHO B TOUKE OTCJIEKU-
BaHUs TeMIeparypbl TersioHocutess. [lo-
9TOMY OH BbIIOJIHEH Oe3 gaTunka 12. Ter-
JIOTA  TEIJIOHOCUTEJsI IePesaeTcsl Hemo-
CPeJICTBEHHO Ha CUJIb(OHHBIN y3€J 1 OCy-
HIECTBJIsIETCS peryaupoBanue. [Ipumensior
KJIATIAH-OrPAHUYUTEIb B CUCTEMAX II€HTPA-
JIU30BAHHOTO TEIUIOCHAOKEHUSI C TOCTO-
SIHHBIM TeMIIePATYPHBIM PEKUMOM TIOCJIe
CHCTEMBI TOPSIYETO BOJAOCHAGKEHUST U OT-
OIIeHUst JIJIst 0GecTiedeHus OTITUMATIBHOTO
TEMIIEPATYPHOTO PEXIMA UCTOUYHUKA Terl-
JIOTBIL

IMomuepsxanue TpebyeMoil Temiepary-
PbI OCYILECTBIIsIETCS B IIpejie/iaX 30HbI Ipo- PUC. 6.38. TepmoanemenTol AFT
MOPITMOHATBHOCTU X)), OIpeesgeMol 110
rpadukam [62]. Ecin peryssatop temneparypbl Hactpoen Ha 55 °C ¢ X, =9
°C, 9T0 03HAYAET, YTO KJanaH Gy/IeT MOJHOCTBIO OTKPBIT TIPU TEMIIEpPaType Hi-
e 53 — 9 =46 °C, a nosnoctbio 3akpuiT 11pu 55 °C. B npeaenax X, =9 °C

3aTBOP IePEMECTUTCS Ha MOJHBIN X0 MTOKA. [/ CKOPOCTHBIX TEILIOo-
0OMEHHUKOB peryJiaTop B guanasone 4 °C <X, <8 °C, /11 eMKOCTHBIX
6°C<X,<14°C.

Pezynsimopvr memnepamypvL npsamozo 0elicmeus ne Ucnoib3yiom 0OnoiHU-
MeNbHYIO SHEP2UI0 U NOOOEPICUBAIOM 3A0aHHYI0 MeMnepamypy 600vL 6 npe-
denax ee HOPpMAMUBHOZO OMKLOHEHUSL.

6.2.4. KOMOUHMPOBaHHbIE PETYASTOPbI

MuorodyHKIIMOHATBHOCTH 3AII0PHO-PErYIUPYIOIIel apMATyPhl — OIHO
13 OCHOBHBIX HaIpaBJeHui apmarypoctpoerud. [Ipu aToM B 07THOM KOPITY-
ce COYeTalOT Pa3uyHble PEryJUpyolue MPUBO/IbI, CO3/IaBass KOMOUHUPO-
BaHHble peryssaTopsl (puc. 6.39). Takumu ycTpoiicTBaMu HOCTUTAIOT HAU-
JIydIiieii B3auMOYBS3KU PasJIMYHbIX TIPOIECCOB PeryaupoBanus, 6o obec-
MEeYUBAIOT UJI€AJIbHbIE YCIOBUS PETYJIUPOBAHUS OJHOTO U3 HUX; TOBBIIIAIOT
HAJIE’KHOCTD, T. K. IPUMEHIOT MEHbIIIee KOJIMYECTBO 3JEMEHTOB U UX CO-
eIUHEH T, YeM [IPU UCIIOJIb30BAHUHU JIBYX OTAEIbHBIX KJIAIAHOB; yMEHbIIA-
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10T METAJIOEMKOCTD U TaOapUThI TETJIOBOTO Y3JIa.

B perymsitopax AVPQ u AFPQ o6beinteHbl (QhyHKITUH TTOJIEPKAHUS T1e-
pelajia IaBieHnst u crabriu3anuy pacxoza. Kiarnanbl 3akpbIBAIOTCSI TIPH MTPe-
BbIIIIEHUY TIEPETIAJIa IABJIeHNs Ha PEryJIUPyeMOM YUaCTKe U IIPU TIPEBbIIIEHUN
3aJIJAHHOTO PACXO0/Ia TEIJIOHOCUTE . B HUX BCTPOEH JPOCCeb-OrpaHUINTEe b
pacxo/ia, Ha KOTOPOM MOJJIEPKUBAETCS OTHON 13 MeMOpPaH meperaj [aBJe-

1

AVPQ AFPQ AVTQ AFQM

Puc. 6.39. KOMOMHUPOBAHHbIE PErYASTOPbI

nust. Bropoii memOpanoii obeciieunBaercs TpeOyeMblil epenaj JaBIeHNs Ha
PEryJIMPYEMOM yJacTKe, Ha KOTOPOM MOJKET ObITh YCTAHOBJIEH, HATIPUMED,
PETYJIATOP TEIUIOBOTO TTOTOKA. JTU KJIAAHBI TPUMEHSIOT /IJII aBTOMaTH4eC-
KOTO OrpaHMYEHUs PAcXo/a TEIJIOHOCUTE/IS Ha 3laHue, TGO OTBETBIICHNUE.

B perynsarope AVTQ KOHCTPYKTUBHO peajiMi30BaHO PEryJIupoOBaHUE B
06J1acTH MUHUMAJIBHOTO OTKJIOHEHUS 30HBI TIPOMOPIHOHAIBHOCTH, YeM
JOCTUTHYTA cTabun3aIust TeMeparypbl Bojibl. OH Tpe/iHasHaYeH Jist pa-
GOTBI CO CKOPOCTHBIMH BOJIOTIOJIOTPEBATENSIMU CHCTEMBI TOPSTYETO BOJIO-
cuabxenust. [IpegoTBpaiaeT BHE3aIHOE TTOBBIIIEHIE TEMIIEPATYPbI BOJIbI
[IPU PE3KOM COKpartiieHnn Bogonorpebaenus. Kianan sakpbiBaercst Ipu Ha-
rpeBe TeMIIepaTypHOTO JIaTYMKa /10 3a/laHHON TeMIIepaTyphbl, a TakKe MpHu
pe3KoM BOZI0Pa3bope; MOIEPKIUBACT TEMIIEPATYPY BOJIbI, PABHON TIPUME]-
Ho 35 °C, ipu 0TCyTCTBUM BOAOPa3dopa.

Perymnstop AFQM sBiisieTcst 2JIeKTPONPUBOJHBIM PETYJIUPYIOIUM
KJIaITaHOM C aBTOMATHYECKUM OTPAHMYEHUEM PAcXo/ld. DTOT PEryJsTop, B
OTJINYUE OT TPAAUITMOHHO TTPUMEHSIEMON B OTEYECTBCHHON MPaKTUKE IS
DTOM TeJI JIMMHUTHOI aradparMoil, obecriednBaeT orpaHudeHe pacyeTHO-

TO pacxo/ia B HECTAITMOHAPHOM TH/IPABJIMYECKOM PEKMME Kak Tersoce-
TH, TaK 1 MHKEHEPHOI cucTemMbl 31annsd. OTpaHnyeHre pacxoja B pery-
JIATOPE OCYIIECTBJIEHO OTPAaHUYEHUEM XOJIa TITOKA CO CTOPOHBI ITPUCO-
eJIMHEHUS 3JIEKTPOIIPUBO/IA.
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Kombunuposanivie pezyismopvl bin0IHsAI0M HECKOILKO (DYHKUULL, Npucy-
Wux mpaouyuOHHO NPUMEHIEMbIM
8 MeNNOBbIX NYHKMAX 0OHOPYHK-
UYUOHATILHBIM  PEYNAMOPam, uem
obecneuusaiom ymenvuienue 2a-
bapumos u ynpowerHue MOHmMamca
mennosozo nynKma.

6.2.5. lNepenyckHble
KA@naHbl

[Tepemyckubre KJIaTTaHbl
(puc. 6.40) B TETIOBBIX IMMyHKTaX
IEHTPATN30BAaHHBIX CHCTEM Tell-
JocHabxkeHnsa 00ecednBaioT pa-

%
60OTOCTIOCOOHOCTh HACOCOB TPH

3aKPBITBIX TEpMOpeEryJsaTopax. AVPA AVDO
[na mepemycka TEMIOHOCHUTENS  Puyc. 6.40. [NepenyckHble KAanaHsbl
MOIYT [PUMEHATL  KJIAllaHbl
AFPA 1 AVPA [62] memGpannoro tuma, 1160 AVDO Tmpy:KUHHOTO THTa
[69]. IIpu 1peBbllIeHUH YCTAHOBJIEHHOIO Ha HUX Ilepelajia AaBJIeHUs OHU
IIPUOTKPBIBAIOTCS U [IPOIIYCKAIOT TEIJIOHOCUTEb.

KoHeTpyKTHBHOE YCTPOICTBO TTEPEMyCKHOTO KIanana MeMOPaHHOTO TH-
[a U TPUHIUI ero pabo-
TbI AHAJIOTMYHBI PeryJis-
TOPY Hepenaja jaasie-
HU$, PAaCCMOTPEHHOIO B

Puc. 6.41. ABTomatnuecknii
nepenyckHon kaanan AVDO:
1 — peryAupoBoYHas pyKosiTka,

YIAOTHUTEALHOE KOABLIO;
3aTBOP KAanaHa;
Kopriyc

OpaHbl, BOCIIPUHUMATO-
el pasHOCTh Mepernaja
JIaBJICHUST B TOYKaxX OT-
6opa UMITyIbca, ¥ TIPY/KUHDL.

[TpwHIMIT IEWiCTBUS MEPETYCKHOTO KiIaraHa MPY;KUHHOTO TUIA OCHOBAH
Ha HETIOCPE/ICTBEHHOM BOCITPUATHW JIaBJICHUS TIOTOKA HA 3aTBOP KJaraHa 7 u
COTIOCTABJIEHVSI €TO C YCHJIUeM Npykubl 5 (puc. 6.41). PaBroBecHoe cocTos-
HIte 06eCIeYnBaOT PETYIUPOBKOI MPY;KUHBI ITPU BPAIlCHUI PYKOSTKU (Ma-
xoBuka) 1. IlepeMeliieHne pyKoSTKH [0 BHYTPEHHEN pe3bie TepeIaeTest uepes
IITOK 2 HAa HAMPABJIIIONIYTO 4 TPy KUHLL 5. /[0 TeX 1op 1moKa JaBJIeHre Terio-
HOCUTEJIST HEJIOCTATOYHO, 3aTBOP 3aKPBIT. [P MPEBBITIEHNN yCTAHOBIEHHOTO

1.6.2.1. On oTKpbIBaeT- 2 — IITOK HaCTPOHKM KAaraHa;
cst b0 3aKpbHIBAETCS B 3 — Kpeblika;
3aBUCUMOCTH OT COOT- 4 — HanpasAsiouas rnpy>kKuHbl;
HOIIEHWST YCUJIUN MeM- g — [pyXkuHa;

7

8
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3HAYEHUsT — OH OTKPBIBACTCS.

[TepernyckHbIMY KTamaHaMu 006ecednBaioT paboTociocoGHOCTL 060Py-
JIOBaHMsI CHCTEM TP 3aKPbIBAHUU PEryJUPYIONINX KJIATIAHOB B BYXTPYO-
HBIX CHCTEMAX 3/IaHUS C TIEPEMEHHBIM TH/IPaBIANYecKUM peskiMoM. OcobeH-
HOCTH UX 1MOJI00pa paccMOTpeHbl B ipuMepax 6.13 u 6.14.

Ipumep 6.13. [poexmupyiom deyxmpyGHiyio CUCTEMY OMONICHUS C Mep-
mopezynsimopamu. Tudpasiuueckoe conpomueieHue cucmemvl CoCmasisiem
0,15 6ap. 30anue npucoeduneno K UCMOUHUKY MENLOMbL, NO MPEOOBAHUSLM IKC-
NAYAMAauUU KOmopozo pacxod menjioHOCUMens Q0JHCeH COCMAGIAMYb He MeHee
2,0 m®/u. Hacoc 6 cucmeme nepezynupyemwiii. Lo ycrosusm sxcnayamayuu uc-
MOUHUKA MENLOMbL ONYCKACMCS NePEmox MenioHOCUMeLs U3 nooa-
10UeTL MAZUCTPATU 8 OOPAMHYI0 MAZUCTIPATD.

Heobx00umo nodobpamv nepenycknoll Kianam, KOmopoiii om- e
Kpuleaemcst 00HOBPEMEHHO C 3AKPLIBAHUEM MEPMOPEZYIAMOPO8 Y
omonumenvHovix npudopos (nadenuem Hazpy3sku 6 cucmeme) u obec-
neuusaem MUHUMALLHBIL PAcX00 MeNniOHOCUMENs. 6 UCTOYHUKE
meniomol.

Pewenue. lpunumaiom cxemy ycmaro8Ku nepenyckHozo Kianawa Ha ne-
DENYCKHOU NEPEMbIUKE MENHCOY NOOAIOWetl U 0OPAMHOL MAZUCTPALAMU.

Ilepenad dasnenus na xkianame, npu KOMOPOM OH HAYUHACT OTHKPLEATND-
CSL, NPUHUMATOM PABHBIM 2UOPABIUUECKOMY CONPOMUBTEHUIO CUCTNEMbL, TH. €. —
0,15 6ap.

ITo paboueii xapaxmepucmure Hacoca onpedeisiom Paseueaemoe um 0as-
Jienue npu pacxode menionocumens 2,0 m*/u. Jlonycmum ono pasmo 0,25 éap.

AR ﬂé G Boibuparom nepenycKknotl
bap -— Kaanam, Komopwii npu 0aeie-
- "] _4 = nuu nacoca 0,25 6ap nponyc-

— - )
0,5 1= m—— B 6&,— xaem ne menee 2,0 M /u men-
0.4 == —T JaoHocumens. Taxosvim s6si-

’ gt
== =] _,2 = emcs xaanan AVDO 25. /lna
gt | N

03 = olél—a- amozo na Jduazpamme nepe-
| L —’m—’ -
0.2 5= ——— — NYCKHOZ0 KAANAHa onpeoens
o1 == —— 10m MoyKy nepeceueHuss 20pu-
= 30HMANLHOU NYHKMUPHOU JU-
Huu, xapakmepusyouei 0as-

0 10 20 30 A0y b YAPArmepusyIou

nenue nacoca (0,25 6ap), u pa-
Puc. 6.42. Avarpamma nponyckHOM Cro- 6Goueil pacxo0Hol xapaxmepu-
COBHOCTH NEPENYCKHOTO KAANa-  CMuKu KAanana npiu ycmanos-
Ha AVDO 25 JeHHOM nepenade 0aeieHus
0,15 6ap. Bepmuxanvno ony-
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WeHHAS. NYHKMUPHASL CMPETKA YKAZbIBACT HA MUHUMATLHOIIL PACX00 Menio-
HOCUmMesl uepes Kianaw, pasuviil 2,75 m*/u, umo ydosiemeopsiem mpebosa-
HUI0 IKCnAYyamayuu UCMoYHUKa meniomol,
m. x. npesviwaem 2,0 m>/u. Touxa nepeceuenuss nyHKMUPHOIX NPIMbIX He
QONACHA BLIXOOUMD 3G NPeOebl 30HbL OeCUYMHOCTU KLANANd, KOMOPAst 02pa-
HUYeHa NYHKMUPHOU KPUBOLL 8 NPABOM BePXHEM Yeny puc. 6.42.

Pezynuposounoil. pyxosmxoil Yycmanasiusaom no wkale Kianama nepe-
nao dasnenus na 0,15 6ap.

[IepenyckHOIl KyanaH NPUMEHSIOT TaksKe JIJIs1 TpeloTBpalle s HIyMo-
06pa3oBaHMsi TEPMOPETYJISITOPOB Y OTOMUTENbHBIX TIPHOOPOB. OH J0JEKEH
He JIOIYCTUTDb BO3pacTaHus Tieperiajia JaBjaeHusl B CCTeMe OTOIJIEHUS CBepX
NPe/IETIbHOTO 3HAYEHUS TI0 TIYyMY ¥ 00eCIIeunTh HACOC MUHUMAIBHBIM Pac-
XO/IOM U3 YCJIOBHUSI €0 dKCILTyaTallnHu.

ITIpumep 6.14. 3anpoexmuposana 0syxmpyoHas cucmema OmMoONieHUs ¢
mepmopezyasimopamu. luopasiuueckoe conpomuenenue Cucmemvbt Cocmagisi-
em 0,15 6ap, pacxod menaonocumens — 3,0 M*>/u. B cucmeme npumenen nepe-
2YAUPYEMBLIL HACOC, NO MPEeGOBAHUAM IKCNIAYAMAUUU KOTMOPOZO PACXO0 Men-
Jonocumenst 0ocer Ooimo He menee 10 % om nomunaivrnozo pacxoda. Ilpe-
Oenviniil nepenad dasnenus no Yeiosulo 6ecuyMiocmi mepmopezy-
asmopos pasen 0,25 6ap. Ilo yciosusim sKCNIyamayu UcmouHuKa
menzomol He 0ONYCKaemcs nepemox MmenioHOCUMeNs. U3 nodaruyell =S
MAzUCmMpanu 8 06PamuyI0 Mazucmpab.

Heo6x00umo nodobpams nepenycknoii Kianam, Komopbviii He 00-
nycraem wymoo6pa30eanus mepmopezyiimopos u 06ecneuusaem MunuMaiL-
HbLL PACXO0 MENIOHOCUMENLS Uepe3 HACOC.

Pewenue. lpunumaiom cxemy ycmano8Ku nepenyckHozo Kianawa Ha ne-
PEnYCKHOU nepemviuke HAcoca.

Ilepenad dasnenus na kianame, npu KOMoPOM 01 HAYUHACT OTKPbLEATND-
CSl, NPUHUMAIOT. PAGHBIM 2UOPABIUUECKOMY CONPOMUBTCHUIO CUCTEMbL, M. €.
0,15 6ap.

IIo paboueil xapaxmepucmuke HaAcoca onpedeLsiom Pacxod MmenioHoOCU-
mens npu 0,25 6ap. On pasen, nanpumep, 2,0 m>/u.

Buwibuparom nepenycxnotl kianau, komopwiii npu dasienuu nacoca 0,25 6ap
nponyckaem ne menee 2,0 m>/u mennonocumens. Taxosvim si8asemcst Kianam
AVDO 25. /lns amozo na duazpamme nepenycknozo Kianama onpeoensiom
MOUKY nepeceuenus: 20PU30OHMAILHOU NYHKMUPHOU JUHUU, XAPAKMEPU3YIO-
wetl epanuuy becuymmnocmu mepmopezyasmopos (0,25 6ap), u paboueii pac-
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XOOHOU Xapaxmepucmuxy Kianana npu yYcmanosieHHOM nepenaoe 0asieHus.
0,15 6ap, xapaxmepusyiowem HaUaI0 OMKPLIBANUS NEPENYCKHO20 KIANAN.
Bepmuxanvho onyueHnas nyHKMUpHAas Cmpeika ykasvleaem Ha pacxoo men-
sonocumenst 2,715 m3/u, Komopoiil npoxooum uepes Kianaw npu noIHOCMbIO
sakpoimuix mepmopezyasmopax (puc. 6.42). Odnaxo nacoc npu smom nepena-
de obecneuusaem pacxoo, pasuvii 2,0 M>/u. Imom pacxod yoosremeopsiem
mpebosanuio AKCnayamayuu nacoca, m. k. npesvuuaem 10 % om 3,0 m*/u.

Pezynuposounoti pykosimxoil ycmanasiusaiom no wkaie Kianama nepe-
nad dasnenus na 0,15 6ap.

B paccmoTpeHHBIX ITpuMepax HacTpoiKa MepelyCKHOro KjanaHa Ipu-
HTa PaBHON THJPABIMUYECKOMY COIPOTHUBJEHMIO cucTeMbl. Jlomyckaercs
MPUHUMATH HACTPOIKY Ha 10 % BbIllle, eCIIH TOTyYaeMblil IIPU ITOM Iepera
JIaBJIEHUST HE TPEBBIIIAET MPEIETbHOrO 3HAYEHUSI TI0 YCJIOBUIO GECIIyMHOC-
TH TePMOpPeryJasITopoB. Takoe 3aBblllieHe HACTPONKN HECKOJIBKO YJIydlllaeT

oo Ao
63§E$§ Ma(\OV‘Q

s
‘a0

Puc. 6.43. Pabota nepenyckHoro kaanaHa:

1 — xapakTepucTnka HeperyAmpyemoro Hacoca; 2 — xapakTepucTmka cm-
CTeMbI OTOIAEHMS] B PACHETHOM pexinme; 3 — XapakKTepucTuka rneperyck-
HOro KAanaHa; 4 — xapakTepucTuka CMCTeMbl OTOMAEHMS] C 4aCTMYHO 3a-
KDbITbIMU TEPMOPErYASITOPamM fpm OTCYTCTBUM MEPErYCKHOro KaanaHa;, 5 —
XapaKTepUCTUKa CUCTEMbI OTOMAEHMS C YACTUYHO 3aKPbITbIMU TEPMOPEry-
ASITOPaMM M HACTUYHO OTKPbITbIM MEPEYCKHbIM KAAMaHOM, 6 — XapakTepu-
CTHKa CUCTEeMBbI OTOMNAEHMS C OTKPbITbIMU TEPMOPEryAITOpamm
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paboTy CHCTEMBI, T. K. COOTBETCTBYET €€ PABHOBECHOMY COCTOSTHUIO C YYE€TOM
HEKOTOPOTO TIPUKPBITUS TEPMOPETYIATOPOB OTHOCUTEIBHO HOMUHAIBHOTO
MOJIO’KEHNS, BBI3BAHHOTO yBEJIMUYECHUEM TTOBEPXHOCTH OTONUTEIbHBIX MPH-
6opos [9].

Pab6ota nepemnyckHoro kianana AVDO, ycTaHOBJIEHHOTO, HAIIPUMEP,
Ha MepeMblUKe 32 HACOCOM J[ByXTPYOHON HACOCHOW CHUCTEMBI OTOILIEHUS C
TEPMOPETyJIATOPaMH, TTOKa3aHa Ha puc. 6.43. XapaKTepucTrKa mepernyCcKHo-
ro kjianana 3 mosydena us puc. 6.42 myrem sepkaabHoro orobpaskenus. Ochb
pacxojia 0-V,, aToli XapaKTepUCTUKU PACIIOI0KeHa B HUKHEH yacTu puc. 6.43
MTPOTUBOTIOJIOXKHO ocu pacxoja 0-V, T. K. IpH yMEHBIIIEHUHU pacXo/ia B CHCTe-
Me OTOIJICHUS] OH YBEJIMYMBACTCS B TIEPEITYCKHOM KJIaTIaHe.

B pacyeTHbIX yC/I0BUSAX KPUBas 2 COOTBETCTBYET XapaKTEPUCTUKE CUC-
TeMbl. 3aKpbIBAaHUE TEPMOPETYJIATOPOB IPUBOJAUT K YMEHBIIEHUIO TEOPETH-
YecKoro pacxojia AV', B CUCTeMe U K HOJbEMY XapaKTEPUCTUKHU CUCTEMBI,
0603HaYeHHON KPUBOI 4. [Tpu 3TOM OTKPBIBAETCS TIEPEIYCKHON KJIATIAH JIJIsT
IIpoIlycKa TeopeTruyeckoro pacxozia Vy = AV'.. B pesyibraTe cioxeHus na-
paJLIeNIbHBIX YYACTKOB, KOTOPBIMU SABJISIOTCS CUCTEMA C XapaKTePUCTUKOH 4
U TIepeIyCKHON KJIAllaH Ha TIepeMbIYKe ¢ XapaKTePUCTUKON 3, TOIy4aioT pe-
3YJBTUPYIONIYIO XaPAKTEPUCTUKY CUCTEMBbI, COOTBETCTBYIOIIYIO KPUBOU 3.
Peasibuble pacxonpl Ha TEPEIyCKHOM KJallaHe M B CHUCTEME COCTaBJILIOT
Vy = AV.. Ou1t oTsin4aioTcd Ha AV’ 0T TeOPETUYECKUX PACXOI0B. ITO OTKIIO-
HEHUeE SIBJISETCS HECOOTBETCTBUEM PETYJIUPYIONIETO BO3ICHCTBU MEPEITyCK-
HOTO KJIAllaHa Ha M3MEHEHUE TEMIIEPATYPHOIT 0OCTAHOBKH B TIOMEIIEHUSIX.

[Ipu oTKpbIBAaHUYM TEPMOPETYIATOPOB U3MEHSETCS XapaKTePUCTHUKA CU-
crembl otontenus. Eit cootBetcTByeT kpuas 6. [leperyckHoii kianaH Ha-
XOJIUTCST B 3aKPHITOM TIOJIOKEHUH U He BJIUSIET HA paboTy cucteMbl. OTKPbI-
BaHUE TEPMOPETYIATOPOB YBEJIUUNBAET PACXO/] B cucTeMe Ha AV,

B cucreme oTorieHus ¢ 1eperycKHbIM KJIAMaHOM 32 HACOCOM Ha Iiepe-
MBIUKE IIPOMCXOAT Korebanus pacxona AV'u gaBieHus AP’ 1npu sakpbiBa-
HUW TEPMOPETYJISATOPOB, a Takxke AV' 1 AP" 1pu ux oTkpbiBaHnU. Bo3Hnka-
Iolliee repepactipeie/ieHie TeIIOHOCUTENS MEXKYy PEryJIupyeMbIMU y4acT-
KaMU U3MEHSIET TEILIOBO# TIOTOK OT OTOMUTEIbHBIX TPUOOPOB ¢ HE3AKPHITDHI-
MU TEPMOPETYJIATOPAMU /IO TeX TIOP, TI0KA OHW HEe HAYHYT COOTBETCTBEHHO
pearnpoBaTh. 3aras3/blBaHUE PearpoBaHUs TEPMOPETYJIATOPOB B MOJHOU
Mepe 3aBUCUT OT WHEPIIMOHHOCTU 3[IaHUS U CUCTEMBl OTOILIEHUS, 4YTO He
JIyUImuM 06paszoM 0ToOpaskaeTcsl Ha TETJIOBOM KOMMOPTE MOMEIeH s 1 Ha
sHeprocOepexeHu [5].

Y MeHbIIeHUS PACCOTIACOBAHMS IOCTUTAIOT TPUMEHEHNEM PETYJIITOPOB
nepenaza gasiaernss AVPA, AFPA. Torna oTkiioHeHne 1aBJieHNsT B CUCTEME
OTOIIEHUS TIPU PAbOTE TEPMOPETYIIATOPOB OY/IET B TIPEIeIaX 30HbI MTPOIOP-
IUOHANBLHOCTH X)), a Pe3YJIbTUPYIONINI TPpaUK — € TIOYTU TOPU3OHTATLHOM
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CPe3Koi XapaKTepucTUKHN Hacoca (cM. puc. 6.4,r 1 conoctassb ¢ puc. 6.4,8).
Taxum 06pa3oM, aBTOMATHYECKIIT TEePEITyCKHOI KJIallaH Mpy;KHHHO-
ro Tuia obecreynBaeT NpUOIN3UTEIBHOE TOCTOSTHCTBO TIeperajia AaBe-
HUSI B CHCTEME, B OTJIUKE OT [IEPENYCKHOrO KJIarnaHa MeMOPaHHOT0 THIIA,
[IPU 3aKPBIBAHUU TEPMOPETYJISITOPOB Y OTONMUTENBHBIX MPHOOPOB. Bos-
HUKAONe W3MEHEHUST THAPABIUYECKUX TapaMeTPOB TEILIOHOCUTEJS
TeM BhIlIie, yeM OoJbiiie cructeMa. [T0aToMy TIprMEHEHNE MeperTyCKHbIX KJia-
[IAHOB MPY’KUHHOTO THIIA JAOMYCTUMO B TEIIOBBIX MYHKTAX IS HEOOIbIINX
CUCTEM OTOTLIEHUS.

Aemomamuveckuil nepenyckroll Kianam cmabuiusupyem nepenao 0aienus 6
MENI0BOM NYHKME ¢ OMKIOHCHUCM O PACUCTNHOZ0 SHAUCHUSL 68 NPEOeNax 30-
HblL NPONOPUUOHATLHOCTU.

HpUMeHeHue nepenyCrHulY KAandaioe npYIurHHozZo muna pexomeu@yemw ons
menJjiosoulx NYHKMOos8 HeOOILWUX CUCTIEM OMONACHUSL.

6.3. OTKAIOYAIOLWME KAATTAHDI

B TernioBbIX MyHKTaX HAPSILY C aBTOMATHYECKUMHU U PYYHBIMU OaJlaHCH-
POBOYHBIMH KJIATTAHAMHT TITUPOKO MTPUMEHSIOT OTKJIIOUATOIIIe KIanaHsl (3a-
mopHas apmarypa). VIx ocHoBHAsI (DyHKIINS COCTOUT B OTKJIIOUCHUN 3[aHNS,
CHICTEMBI, OT/IEJBHBIX BETOK U CTOSIKOB, TEMJIOOOMEHHBIX TIPHOOPOB U JAPYIo-
ro obopynoBans. [IpuMeHATH 3aMOPHYIO apMATyPy B KaUeCTBE PETyIHPYIo-
el ve pomyckaercs [3]. B coorBercTBru ¢ 00513aTE/IbHOI KitaccuduKaiu-
eit apMaTypbl [57], 3amOpHBIN KJIallaH — KJalaH, MpeHa3HaYeHHbIH /71 T1e-
PEKPHITHS paboUeii CPesIbl, B TO BPEMsT KaK PETYIMPYIONINI KIamaH mpejHa-
3HAYEH /I PETYJIMPOBAHUS TapaMeTpoB pabodel cpebl MOCPEACTBOM U3-
MEHEHUS ee Pacxoa.

PaccmarpuBast B3auMoJieiicTBIe BCEX HJIEMEHTOB CUCTEMbBI W MX BJTHSI-
HIe Ha TpOoIlecC PeryJNpOBaHUs, CJAeAyeT OTMETHTh, UYTO OTKIIOYAOIINe
KJIATIaHbl BHOCSIT CBOU HEraTHUBHbII BKJIA B 3TOT mporiecc. OHU oTOUpaioT
Ha cebsT YacTh PacmoIaraeMoro IABIEHUST U YMEHBIAIOT TeM CAMBIM BHETII-
HUH aBTOPHUTET PETyINPYIONNX KiamaHoB. [loaTomy, ecm 3amopHast apma-
Typa yCTaHOBJICHAa B TIOTOKE TETJIOHOCHTENSI, ee COMPOTHUBJIECHHE JOJKHO
ObITh MUHUMAJIbHBIM, a €CJIU BHE TIOTOKA, HAIIPUMep, sl CJIMBA TPI3U U3
IPSI3EBUKOB WU CITYCKa BO3/yXa, TO Takoe TpehoBaHme He UMeeT cMbIca. B
ATOM CJIy4ae COOTBETCTBEHHO CJIEyeT MPUMEHSITh KPaHbl U BEHTHJIN.

CoBpeMeHHbIEe OTKJTIOYAIOIINE KIATaHbl B 3HAUNTEIBHON Mepe OTJIiva-
FOTCST OT TPAMUIITMOHHO TIPUMEHSIEMbBIX B OT€UECTBEHHOI MTPaKTHKE MO CBOEH
HaJeKHOCTH, TabapuTaM u Macce. Tak, B CHCTEMaX TOPSYero BOJOCHAOKe-
HUS W OTOTIJICHUST HapsILy C IBYXXOJOBBIMU MIPUMEHSTIOT KOMOUHUPOBaHHbIE
T-o6pasHbie 1 KpecTooOpasHble KinHoBbIe 3aaBUKKH (110 90 °C) (puc. 6.44)[70].
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Y mocremHUX COOTBETCTBEHHO B O
HOM KOPITyCe €CTb TPU W YeThIpe OT-
KJII09aeMbIX Bxoja (Bbixoza). Jlomos-
HUTEJLHO TIPEAYCMOTPEH 3arJylieH-
HBIN OUH HEOTKII0YaeMBbI BXOJ (BBI-
X0/), KOTOPBIA HPU HEOOXOAUMOCTH
MOKHO TIPUCOEANHUTD K TPYOOIPOBO-
ny. Takue 3a/IBM;KKH B HECKOJIBKO Pa3
CHUIKAIOT TabapuThl PacipeaesuTe b-
HBIX 1 COOPHBIX Y3JI0B, YTO YMEHbBIIAET
pasMepbl TIOMENIEHUH, T/le OHU yCTa-
HOBJIEHBI.

Boistee 3HaumMTENLHOTO yMEHBIIE-
HUS pa3MepoB TETIOBOTO IyHKTA J0-
CTUTAIOT TIPU WCIIOJBb30BAHUH JTACKO-
BBIX TIOBOPOTHBIX 3aCJIOHOK (puc. 6.45).
VX ycraHaBIMBalOT Ha TPyOOIPOBO-
JlaX MEXKLy CTaHIAPTHBIMU (hraHiaMu
6e3 TpUMeHEeHHS TPOKJIagok (ee
byskMu  BbITONHSIET (GyTEPOBKA).
J171s1 TIeHTPOBKY 3aTBOpa MEXKLY (hraH-
I[aMH1 Ha KOPITyCe BBITIOJHEHBI HAPYXK-
HBbIE MTPOYIITUHBI, Yepe3 KOTOpble MPo-
MYCKAIOT CTsKHBIE O0JThL JlomycTu-
Masi TeMIleparypa TelJIOHOCUTES
1..110 °C. 3aTBOpbl OCHAIAIOT JUGO
3yOuaroit pyKosITKo# Ha 2...5 moJosKe-
HUi, MO0 PEIYKTOPOM C YEPBIYHOI
nepegadeii, Ju6O 3JIEKTPOIPUBOIOM
MePEMEHHOT0/TIOCTOSTHHOTO TOKA.

OTanuuTeTbHON YepToil 3amop-
HBIX BEHTHUJIEH SIBJISIETCS] OTCYTCTBUE Y
HUX 3aTBOpA W €r0 yIJIOTHUTEJISI B BU-
Jie OTJIEJIbHBIX 3JIEMEHTOB. 3alupanue
OCYIIECTBJSIIOT CHEIUATHHO TOJTO-
TOBJIEHHOIN TOPIIEBOI TTOBEPXHOCTHIO
MITOKA, KOTOPasl MOIOTHAHA K TIOBEPX-
HOCTHU C€JIJIa W BBITIOJHSIET (PYHKITUIO

Puc. 6.44. KAMHOBbIE 3aABUXXKMU

Puc. 6.45. T10BOpPOTHbIE 3aCAOHKM

&l

MSV-M USV-M

Puc. 6.46. 3anopHble BEHTHNAM

3aTBopa. IIpencraBiernbie Ha puc. 6.46 BEHTUIN NMEIOT TaKKe BCTPOEHHBIE
CITYCKHbIe KDAaHWKK MEHbBIIIEr0 pasMepa, uTo JejaeT uX MpuMeHeHne GoJee
YHUBEPCAIbHBIM. TaK MU MOKHO CIIYCTUTh BO3/YX U3 paboTaromieil cucre-
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JIP

Puc. 6.47. Laposble KpaHbl

MBI JTO0 CTUTH TETJIOHOCUTEND TIPU €€ OTKITIOUEHHU.

[MTupokoe TpuMeHeHNe HAXOISAT PasHOOOPa3HBIE KOHCTPYKITN Tapo-
BbIX KpaHoB (puc. 6.47). OHu MOTyT OBITH CO BCTPOECHHBIMU BEHTHUJIBKAMUI,
mpoOKaMH, TITyTiepaMu /st TprcoeanHenns mnanra. Coenenne  pes3n6o-
Boe, (hylaHIeBOE, 110/] CBApPKY.

[l nojkIIIoYeHns K TEIIOCeTH CUCTEM OTOILIEHUS U TOPSYero BOJO-
cHAOKEHUST TIPUMEHSTIOT CIIENHATBHO TPeHA3HAYEHHYIO TPYTITY TTapOBbIX
kpamnos tuma JIP [71], obecreqnBaronux BEICOKYIO CTETEHb HE30MaCHOCTH.
OHU BBIIOHEHDI IIOJHOCTBIO U3 CTAJIBHOIO CBAPHOIO KOPILyca U OTBEYaloT
BCeM TPeGOBAHSIM, KOTOPBIE TIPEABSABISIOT K COBpeMeHHOH apmatype. Kpa-
HBI CHAGKEHbI YHUKATHHBIM YIUTOTHEHWEM TITTOKA ¢ TpUMeHeHeM (hTopo-
[IJIACTA, YTO TaPaHTUPYET TePMETUYHOCTD U IIOBBIINIEHHYIO IUKJIUYHOCTD Ja-
JKe IIPY BBICOKMX M U3MEHAIONNXCA TeMIlepaTypax TellJIoHocuTe . B kpane
MPUMEHEHa cCaMOOOKNMHAS KOHCTPYKITUS TITapa 3a CYeT CIeNUanbHOl mpy-
SKUHBI € IByM$ KOJIBIIAMU U3 apPMUPOBAHHOIO YIJIEBOJIOKHOM (hTOpOILIACTA.
ITUM 06eCTIedeHO TePMETUIHOE 3aTMPaHIe TOTOKA TETIOHOCUTEST 1 OTITH-
MasibHOE TpebyeMoe yCuire Ui TTOBOPOTa Tiapa. KpaHb! BBITOTHSIOT T/
pesnboBoe, hanteBoe, CBAPHOE MM KOMOMHIPOBAHHOE TTPUCOEANHEHS (C
OHOM CTOPOHBI (hamer uin pesnba, ¢ APYroil — MaTpybOK MO CBAPKY); C
PYUYHBIM THOO MEXaHNYECKUM YITPABIEHUEM; YCIOBHBIM IHaMeTpoM 10 500
MM BKJIIOUUTEIbHO. TakKUMU KilallaHaMK¥ MOKHO OCYIIIECTBUTb BPE3KY B TPY-

GOTIPOBO/I, HAXOMATIUIICS O aBaeHueM. [IJsT 9TOTO MCTOMB3YIOT Clie-
MaTbHble CBEpa. [maBHas 0COGEHHOCTH TAKOTO KpaHa, KpoMe MpuMeHe-
HUS TEPMOYCTONYMBBIX YIVIOTHUTEJIEH, COCTOUT B HEAOILYIIEHUM KaKoro-
60 HETATUBHOTO BJIMSTHUST TEMITEPATYPDI M IABJIEHUS TETJIOHOCUTEST Ha
map u ymrotnureau. C 9Tol 1es1bIo yCUIus OT TeMIIEPAaTypHOTO YAJIUHEHN
TPy6OTPOBOIOB BOCTIPUHIMAIOTCST KOPITYCOM KJIaTlaHa, 3allIIIast map OT 3a-
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KJIMHUBAHUA. IJTUM KOHCTPYKTUBHBIM PEIICHUEM YBEJUYUBAETCH CPOK
caryKObI KJIaraHa 3a cuer HecpabaThIBAeMOCTH MPOKJIA/IOK.

Ommrouaiomue KAAnamvt O0ANCHLL UMETb MUHUMATILHOE conpomuejieHue ons
obecnevenus: MaKCUMaibHblX asmopumenos pezyjiupyromux Kianaros.

6.4. APOCCEAbHbIE AADPAIMbI

TpanuiinoHHO B OTEUECTBEHHON TPAKTUKE ITPOEKTUPOBAHMS TEIJIOBBIX
MYHKTOB TIPUMEHSIIN J[POCCEJbHbIE [uadparmMbl JJisl TOTAIIEHUsT H30bITOY-
HOTO JIaBJIeHUS Tiepe/l rupoasieBatopaMu. [Ipu aToM He paccMaTprUBaioCh
BOBJIENCTBYUE CO3/IaBAEMOTO J[POCCENbHON aradparmMoii epernaja aaBjaeHus
Ha MPOIECC CMENIUBAHUS TEMJIOHOCUTEISA, TIOCKOJIbKY CHCTEMA TEIIocHah-
JKEHUS ¥ CUCTeMa OTOIJICHUS UMEJTH CTallMOHAPHbIE TUAPABINYECKUC PEKU-
MbL. JTOT MOJAXOJ IepeKoYeBasl HAa TPOEKTUPOBAHNE COBPEMEHHBIX TEILIO-
BBIX IIYHKTOB C aBTOMATHUYECKUMHU PETYJISATOPAMU TEIIJIOBOTO TIOTOKA U PETy-
JIATOPAMU TeMIepaTypbl Ge3 J0CTATOYHBIX HA TO OCHOBaHWH. Passiuuue B
TPAMUIITMOHHBIX M HOBBIX TEIJIOBBIX MYHKTAX 3aKJII0YAETCA HE TOJIBKO B ITPU-
MeHsIeMOM 060PY/IOBaAHUY, HO U B TIEPEXO/IE OT KAaUeCTBEHHOTO K KAYeCTBEeH-
HO-KOJIMUECTBEHHOMY PETYJIMPOBaHMIO NoTpebuTesst, uto Tpebyer Golee
MPUCTAIBLHOTO PACCMOTPEHUS POJIH IPOCCENbHOM arnahparMbl.

Hawubosiee KOMIIEKCHO PACCMOTPEHO IPUMEHEHME CPE/ICTB aBTOMATHKY
JUUIS1 OTPAHUYEHMS PACX0/Ia B TPaBUJIaX IPOEKTUPOBAHMS TEIJIOBBIX ITyHKTOB
[8]. Tax, aBTOMATH3AIIMA TETIOBLIX TYHKTOB 3aKPBITHIX U OTKPBITBIX CUCTEM
TerIoCHabKeHUS JIOJKHA 00eCIIeYrBaTh OrPAHUYEHNE MAKCUMAJILHOTO pac-
XO0JIa BOJIbI U3 TETJIOBOM CETH HA TETJIOBOH ITyHKT ITyTeM TPUKPBITUSA KJalla-
Ha peryJigTopa pacxojia TeIJIOThl Ha OTOIJIEHUE 3aKPBITBIX CUCTEM TEILIO-
cHAOKEHUsT JIJIsT OT/IENbHBIX JKUJIBIX 1 OOIIECTBEHHDIX 3/[AaHUN 1 MUKPOpaii-
OHOB C MAKCHMAJIbHBIM TEIIOBBIM ITIOTOKOM HA BEHTUJISIIIUIO He Menee 15 %
MaKCUMaJIbHOTO TETJIOBOTO MOTOKA HA OTOTIEHKE JINGO MyTeM TPUKPBITHS
KJIallaHa PeryJIsiTopa TeMIepaTypbl BOJIbI, TIOCTYIAIONIEH B CUCTEMY Topgye-
IO BOJIOCHAOKEHUS B TEIJIOBBIX MYHKTaX OTKPBITHIX CUCTEM TerIocHabsKe-
HUST U 3aKPBITBIX CUCTEM TEILJIOCHAOKEH S TIPOMBIIIIIEHHBIX 3aHIIT ¢ MaK-
CUMaJIBHBIM TETJIOBBIM MOTOKOM Ha BEHTHJIAIIIO Gosiee 15 % MakcuMaibHO-
TO TEIUIOBOTO MOTOKAa Ha oToruieHue. Jlomyckaercss orpaHnyeHue MaKCcH-
MaJbHOTO PacXo/ia BOJIbI U3 TEIJIOBON CETH HA TEIJIOBOM MYHKT IyTeM yCTa-
HOBKH CIEIUATBHOTO PETYJIATOPA ¢ KJIAMaHOM Ha TIOJIAIoIeM TpyboIpoBoIe.
ATy Ke POJIb BBINIOJHSAET PETYJIATOP MOCTOSHCTBA PACX0/a BOJIbI, YCTAHAB-
JuBaeMblii Ha iepembruke 11 cTynenu BojgomnonorpeBaTess P OTCYTCTBUU
peryssiTopa pacxojia TeTIOThI Ha OTOIJIEHUE W 3aKPBITON 3a/[BUKKE TIePEMbIY-

189



M COBPEMEHHbIE TEMAOBBIE IMYHKTbl. ABTOMATUKA 1 PEFYAMPOBAHWME

ku Mexy 1 ecTynenbio BoonoorpesaTesist 1 00paTHbIM TPYOOIPOBOIOM.

B npasunax [8] ykasaHo Takske, 4TO Ha TPyOOIPOBO/AX TEIIOBBIX CETeil
IPU HEOOXOMMOCTH TIOTJIOIEHUST H3OBITOYHOTO HATIOPA JOJIKHbI YCTAHABIIU-
BaTb PETYJISATOPBI TIeperia/ia IaBIeHus WK IpoccesibHble muadparMpl. Kak cre-
JIyeT U3 9TUX paBuJ, inadparMa He IpeHa3HavueHa /i JUMUTUPOBAHUS pac-
XO/Ia TETIJIOHOCUTEJISA, TTIOCKOJIbKY He CIIPaBJIsIeTCs ¢ TaKou 3azadeil. PaccMoT-
puM 210 Ha rpaduke (puc. 6.48) mpu ycTaHOBKE JPOCCETBHOM nuadparMbl,
MEK/IY PEryJIsTOPOM Tieperiajia IaBJieHs U PETyJIATOPOM TEIJIOBOTO MTOTOKA.

BsaumozeiicTBue perysigTopa nepernazia IaBjaeHus U PperyisaTopa TerjaoBo-
TO TIOTOKA C IPOCCeIbHON inadparMoil Mesky HUMU TIOKa3aHo Ha puc. 6.48,a.
OHO aHAJIOTMYHO B3aMMOJICHCTBUIO PETYJIATOPA Tiepenaia JaBJIeHUS ¢ OTpa-
HUYUTEJIEM PACXOJIa U PErYJsTOpa TEIJIOBOTO MOTOKA, IIPEACTABJIECHHOM B
ornucanuu K puc. 6.32. Orpanuuenue pacxoja B 060UX CIydastX JOCTUTHYTO
32 CYeT JIONMOJHUTEIBHOTO COMPOTUBJICHUS, TPUBOASAIIETO K CMEIIEHUIO
KkpuBoii 8 B osoxkenue 9. Yem Gosiblile COMPOTUBIIEHNE IPOCCENBHOT Trad-
parMbl IIPU TIOCTOSHHOM aBTOMATHYECKU MOJIEPKUBACMOM TIeperiajic aB-
JICHUS PETYJISTOPOM Tiepenajia JaBJAeHUs, TeM Kpydye KpuBasd 9 U MEeHbITUI
pacxo/i ceTeBoii BO/bl. OZIHAKO OTPAaHUYEHUS PACX0/Ia CETEBOM BOJIBI MOKHO
noctuyb u 6e3 IPOCCeTbHON uadparmbl.

OjuH 13 crtoco60B — IIPUMEHEHNE KJTallaHa PETYJISITOPA TEIMJIOBOTO MOTO-
Ka ¢ MEHbIIIEH MPOIyCKHOI criocobHocThio (puc. 6.48,60). Co3naBaemoe M
COITPOTHUBJIEHUE TP HOMUHAJIBHOM pacxojie Vy I0JIZKHO PaBHATBHCS CyMMe
COITPOTUBJICHUI 3aMEHSEMOTO KJaraHa U JIpoccesibHOl nuadparmbl. B Ta-
KOM cJaiydae KpuBas 8 Ha puc. 6.48,6 ctaer Kpyue, T. e. paBHOW KpuBoOi 9 Ha
puc. 6.48,a, u obecrieurBaeT pabouyIo TOUYKY ¥ MO JABJIEHUIO U IO PACXOJLY.
Takoe TpoeKTHOE peleHre MpeoYTUTebHee 3a CUeT 0TKa3a oT anadpar-
MBI ¢ (hJIaHIIaMU U TIPUMEHEHMS KJIallaHa TelI0BOr0 MOTOKA MEHBIEro TH-
nopasmepa. OHAKO 9TO pellieHue ABJISAETCS YACTHBIM CIydyaeM, TTOCKOJIbKY
HeoOXoarMo, 4ToObl TpebyeMast M AeHCTBUTEIbHAS MaKCHMMaJbHbIE IIPO-
MIYCKHBIE CIIOCOOHOCTU KJIATIAHA PETYJISITOPA TEIIOBOTO TIOTOKA COBITA/AIN.
B npoekTHOIT mpakTHKe 3TO BCTpevaeTcsl KpaliHe pejko. [loatomy HOMMU-
HaJIbHBII pacxo/ 06ecIiednBalOT UHBIM CIIOCOOOM.

Hawubosee obiiee penierne — n3MeHeHHe aBTOMATHYECKH TIOJ/IEPAKIBA-
€MOro Tiepena/ia JaBJeHus PEryasiTopoM Tepernajia fasjaeHus APy < APy o
TpebyeMoro Juis obecriedeHrss HOMUHATBHOTO pacxoja Vy Ha TOJHOCTHIO
OTKpbITOM KJjamnate (puc. 6.48,8). B atom ciyuae onpeensior TpebyeMyio
MPOIYCKHYIO CIIOCOGHOCTD KJIAMaHa PETYJISATOPa TEIJIOBOTO MOTOKA. 3aTeM
BBIOMpAIOT KjamaH ¢ Oumskaiimieir 6OJbIeil MaKCUMAJIbHOM IIPOITYCKHOI
cnocobHOCThIO. [T0TOM 110 Heli OnpefesIAIoT MoTepU AaBIeHNUs Ha KJalaHe.
Hakoner npuHuMaror TpeGyeMblil aBTOMATUYECKH MOePKIBAEMBIil IIepe-
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Puc. 6.48. Pabota peryasTopa nepenaaa AaBAEHUs C PEryASTOPOM TerMAO-
BOro nortoka:

a — C APOCCEAbHON AMapparMos MexXAy Humm; O — rpm MeHbLUer MaKCUMaAbHOM
MPOrYCKHO#M CMOCOBHOCTH PeryAsiTopa TerAoBOro roToka; B — Mp1 MeHbLIEM aBTO-
MaTUHECKM TTOAAEPXKMBAEMOM MEPENAAE AABACHMSI PErYASTOPOM Mepernasa AaBae-
Hus; 1 — XapaKkTepucTiKa TerAOCeTH AO PEryAaTopa NMepernasa AaBAeHus B pacqeT-
HOM pexume; 2 — To XKe, C y4eTOM NacCCMBHOM COCTABASIOILEN MOTePb AABACHUS B
peryastope reperasa AaBAeHus; 3 — TO XXe, C y4ETOM MacCMBHOM M aKTMBHOM CO-
CTaBASIIOLLEN T10TEPL AABACHUS Ha PETYASITOPE MEPENaAa AABAeHUs,; 4 — To Xxe, npu
YMEHbLIEHMUM PACX0AA TEMAOHOCHTEAS] PETYASTOPOM TEMAOBOroO rotoka;, 5 — 30Ha
ABTOMAaTUHECKM TTOAAEPXKMBAEMOIO TEPENAAA AABAEHMS PEryAITOPOM reperiasa
AaBAEHMS; 6 — XapaKTepHUCTHUKA HEPETYAMPYEMOIO CETEBOro Hacoca, 7 — XapaKTepu-
CTHKa PEryAupyemMoro ydactka 6e3 yyeta rnotepb AABAEHMsI B APOCCEAbHOM Anagh-
parme u peryasatope TerAoBOro rotoka, 8 — 10 Xe, C y4eTom rnacCUBHON COCTABAS-
[oLesi MoTepb AaBA€HMsI B Peryasitope TerAoBOro rotoka; 9 — 10 e, C y4eTom r1o-
Tepb AaBAEHMsI, CO3AaBAEMbIX APOCCEAbHON Anacpparmori; 10 — To Xe, € y4eTom ak-
TUBHOM COCTaBASIIOLLEN 110TEPb B PETYASITOPE TEMTAOBOIO M10TOKa
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13/ IaBJIeHUS PaBHBIM TIOTEPAM JIABJIEHUS Ha KJalaHe PeryJssitopa Terio-
Boro notoka (cm. mpumep 6.1). [lpu Takom moaxone KpuBas 8 Tak e, Kak 1
Ha puc. 6.48,a,6, ompejesnsiercss MaCCUBHON COCTABJIAIONIEH 1OTePD JaBJjie-
HUS Ha KJallaHe PeryJsiTopa TEMJI0OBOTO MOTOKA — 110 Kyg 1 HOMUHAJILHOMY
pacxony Vy, T. €. IpPU MaKCUMAJIbHO OTKPBITOM TIOJIOKEHUH KJaraHa. Y Be-
JIMYEHUE pacxo/ia B 30HE aBTOMATUYECKH TTOI/ICP;KUBAEMOTO TIepernajia 1aB-
JIEHUs 5 HEBO3MOXKHO, T. K. KJIallaH PEryJsiTOPa TEIIOBOTO IIOTOKA CBOUM CO-
MIPOTUBJIEHUEM B MAKCUMAJIBHO OTKPBITOM TIOJIOKEHUU OTPAHUYMBACT €TO.

B perysaTope niepenaza aBiaeHus KOHCTPYKTUBHO MTPEyCMOTPEHA BO3-
MOKHOCTD TIOMOMPOBAHUSA HACTPONKU aBTOMATUYECKHU MOJJIEPKUBAEMOTO
nepenajza gapiaeHus. Takoe MPoeKTHOE pelieHne MpeaoYTUTeabHee, T0-
CKOJIBKY OTCYTCTBYET JIpoccesibHas arnadparma.

Ocoboe BHUMaHKE NPU IPUMEHEHNH JPOCCETbHON AnadparMpl ciepyer
obpaliarh Ha ee B3aMMOJIEHCTBUE € KIAMAHOM PETYJISITOPA TEILIOBOTO TI0TO-
Ka B JIMHAMUYECKOM pexknume. ITH 06a aJIeMeHTa ABJISIOTCS COCTaBJISIONIN-
MU PEryJIMpyeMoro yyactka. Tora ueM BbIllie COPOTUBIICHHE IPOCCETbHOMN
macdparMpl, TeM HUXKE BHENIHWI aBTOPUTET KJallaHA M, COOTBETCTBEHHO,
GoJiee MCKasKeHa ero pacxojiHas xapakrepuctuka (cM. . 6.1.3). Pabora pery-
JIUPYIONIETO KJIalaHa CTPEMUTDLCS K IBYXIO3UITMOHHOM.

ConpoTusiieHre APOCCETBHON MuadparMbl He JTOJIKHO OTAAJIATH MPO-
EKTUPOBIIUKA OT JOCTHKEHUS JMHEHHOTO (MEeaJbHOTO) PEryJIrupoBaHUsA
obbekTa perynupoBanust. OHAKO, €CJIH 32 11eJTb TPOEKTUPOBAHUST TOCTABUTD
TOJILKO JIOCTUKEHKE WJICANBHOTO Peryauposanus 6e3 yuera apyrux Gaxro-
POB, TO B TIPUHITMIIE MOTYT ObITH COBMEIIEHbI HA PETYJIUPYEMOM y4acTKe
npoccenbHast quadparMa u IByXX0[0BOH KJlallaH PeryJisaTopa TerjaoBoro mo-
TOKa ¢ JIOTapu(pPMUIECKON XapaKTEPUCTUKON JIJIsl OCTUKEHUS INHEWHOCTH
cMeceoOpa30BaHKsl B TEIVIOBBIX MYHKTaX € 3aBUCHUMBIM TIPHCOEJANHEHUEM
CUCTEMBI OTOIJICHUS K TerioceTu. B pesysbraTe mosyyaT CKauyku pacxoja
[P TOJIOKEHUN KJanana GJIM3KOM K 3aKPBITOMY, IPUCYTIHE Jorapudmude-
CKOMY 3aKOHY PEryJIMPOBaHUs ¢ HU3KUM OOIIMM BHEITHUM aBTOPUTETOM
(cm. puc. 6.11). Bosee parmonanbHOe TPOEKTHOE PelieHue Mo HAJEKHOCTH
1 9KOHOMUYHOCTH — OTCYTCTBHUE [[POCCEJNbHON auacdparMbl U IpUMEHEHUE
KJIaliaHa peryJisiTopa TelJIoBOTo MOTOKa ¢ JIMHEHHOM XapaKTepUCTHKOMN.

ITpumenenue gpoccesbHO AuadparMbl I0KHO ObITH B3AUMOYBSI3AHO C
paboTOoil aBTOMATUYECKUX PETYJIUPYIONIUX KJarmaHoB. KpoMe TOTO, 0JEKEH
ObITh HAWEH HSKOHOMHYECKU U TEXHUYECKU ONPABAAHHDIN ONTUMYM, U3
KOTOPOTO CJIefyeT HeoOXOAMMOCTh B 00ecTiedeHr: KaKk MOKHO OOJIbIei
MOTepU JaBJCHUS Ha KJallaHaxX ¥ OTKase OT HnpuMeHeHus auadparm. B
COOTBETCTBUU € ypaBHeHUMeM u3 Tabu. 6.1 — yeM MeHbUINH Tepena/| jaBJe-
HUs TpebyeTcst MoTepATh Ha KJanaHe, TeM 6oJibliie Tpefyemas ero mporrycK-
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Hast CIOCOOHOCTD U, CJIE/I0BATENHHO,— TUIIOPA3MED.

B coBpemeHHOM peryJupyiolieM KJalaHe TepsieMoe JaBJieHIe MOKeT
nocturath 10 20 6ap 6e3 kakoro-aubo yiepba s Hero. [loaromy posb
JpoccesibHON nuadparMbl Jist CHIDKEHS TaBIeHUs Tiepe]] TAKUM KJIaraHoM
Heonpapaanna. OHAKO He CJeyeT TaKiKe BO3JIAraTh BCIO 3a/1a4y 110 raiie-
HUIO U30BITOYHOTO JIaBJIeHNs Ha Kiaarad, Heo6XoauMo ycTpaHuTh MpUInHY,
a He 6opoThest ¢ Heil. [IpuMeHeHne aBTOMATHYECKU PEryJIPYEMbIX CETEBBIX
HACOCOB, MOJIHBIN JIEMOHTAK THIPOIJIEBATOPOB — OJIHU U3 CIIOCOOOB CHIKE-
HUS IaBJIeHUS Ha aDOHEHTCKUX BBOJIAX, TIO3BOJIAIONIMX HE TOJBKO YIIyUIITHUT
paboTy TEINIOBLIX MYHKTOB, HO ¥ TOJYYUTh dKOHOMUUeckuii ahdekr. Cie-

JYIOIIHUiT CIoco6 — HOPMATUBHOE ¥ HHCTPYKTUBHOE YCTPAHEHUE OTPHIA-
TEJIBHOTO BO3/IeliCTBUA [ipoccesibHoil quadparmpl. Tak B [80] nomyckaer-
Cs1 He yCTaHABJMBATH OIPAHUYUTENBHYIO IPOCCETbHYIO auadparmy mpu
HAJIMYMK PETyJIATOpa Heperajia AaBierust (pacxoa) eciu u3ObITOYHON
HATIOp COCTaBJISIET J...8 M Bo/I. ¢T. Kpome Toro, 3ampeliera ycTaHOBKA Jiu-
acdparmbl Bo (JiaHIEBOE COefUHEHIE PETYJISTOPA TIePerajia AaBJIeHus U
TEIJIOBOTO TIOTOKA (TEMIIEPATYPHI), & TAKIKE OIIPeIesIEHO MECTO ee yCTa-
HOBKH Ha IOJIaioleM TpyOOITpOBO/IE: TIEPEJL PETYJISITOPOM TIepenajia jiaB-
JeHns (pacxona).

lpoccemvnas duappazma, ycmanasiueaemas neped peyiupyiouum Kiana-
HOM, Yxyouwaem pezyiuposanie 00sexma.

Ozpanuuenue pacxoda menionocumens y nompebumens. 6Mecmo 0pocCerbHol
ouagppazmol 0OCYUWECMEAAIOM CONPOMUBLCHUEM MAKCUMALLHO OMKPOLINOZ0
KAANana pezyismopa meniogozo nomoxa (MmemMnepamypol) u asmoMamudec-
KU NOO0ePIHCUBACMBIM NEPENnadom OA6LeHUS. HA IMOM KIANAHE.

6.5. BO3AYXOOTBOAHNMKHN

Y nasenue BO3/yxa U3 TEMJIOHOCUTEIS SIBJIACTCA BAKHBIM (PAaKTOPOM Pa-
6OTOCTIOCOOHOCTH BOJSIHBIX MHIKEHEPHBIX CHCTEM 3anust. Tak, Harnpumep,
IpU KOHIIEHTPAIUU KUCJI0posa B Temwionocutese 10 Mr/mn Bospacraer co-
MPOTUBJIEHIE CHCTEMBI OTOILJIEHUSI, BBITIOJIHEHHON U3 CTAJbHBIX TPyOOIIpoO-
BOJIOB, B 3 pa3a uepe3 ceMb JieT ee akciryaranuu [14]. IIpu atom npoucxo-
[T Tiepepacipeziesienne J[aBjieHus Ha PeryJaupyeMbIX Y4acTKaX OT PeryJiu-
PYOIIUX KJIAaHoB K TpyGonposogam. Kpome TOTo, CO BpeMeHeM CJielyer
YBEJIMYMBATH HAIIOP HACOCA, YTO YMEHBINAET BHEIIHUE ABTOPUTETHI PErYJIH-
pyIoIuX KjiananoB. Bce aTo yXyuiiaer peryJiupoBaHue CUCTEMbI OTOILIe-
Hug. [loatomy yzaseHue Bo3myxa M3 TEIJIOHOCUTEJS OCYIIECTBISIOT M30
BCEX MECT BO3MOJKHOTO €r0 CKOILJIEHUs KaK B CHCTEMe OTOILIEHUS, TaK U B
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TETJIOBOM ITyHKTE.

B TenoBBIX MyHKTaX yAAAdIOT BO3/yX Kak BPYYHYIO, TaK U aBTOMa-
TUYeCKU. PyuHas 3armopHas apMaTypa — 3all0pHble BEHTUJIN, IEPUONYECKI
OTKPBIBAEMbIE JIJIS1 BBIMYCKA BO3/yXa MPU 00CIyKUBaHUM 000PYI0BaHMS,
Hanpumep, Tpsa3eBUKoB. [IpuMenenne pydHoll apMarypbl 3adactyio obyc-
JIOBJIEHO BBICOKOII paboueii Temieparypoil
TensoHocuTeNs. s TeIOHOCUTEIS € TeM-
neparypoii 10 110 °C ucnosnb3yior aBToMa-
TUYECKHUE BO3IYXOOTBOIYMKH, HAIPUMEP,
MATIC (puc. 6.49). B mobom ciyuae, cie-
ZIyeT UMeTb B BUJY, YTO BO3MyX HE TOJBKO
BBIZIEJISIETCS U3 TEIJIOHOCUTEJISA, HO U MOTJIO-
aeTcsl TEIJIOHOCUTEJIEM TPU CHUKEHUH
TeMIIepaTypbl, a Takke MOCTyHaeT 4depes3
CTEHKM TPYOONPOBOJIOB, BBITIOJHEHHBIX U3
MMOJIMMEPHBIX MaTepuasioB (KUCJIOPOHAS
mudodysus). [MoaTomy pyuHoe yxpanieHue
BO3JlyXa He SIBJISIETCSI CTOJIb A(PHEKTUBHBIM,
KaK aBTOMaTH4ecKoe, OCOOEHHO 3a PeryJiv-
PYIOIIMMU KJIalTaHAMU, HACOCAMU, TIOJTUMEP-

Puc. 6.49. ABToMaTuueckui
BO3AYXOOTBOAYMK
MATIC

HBIMU TPYOOIIPOBOAMHU.

ABTOMaTHYECKOE yaleHIe BO3/yXa CTAHOBUTCS HEOThEMJIEMbIM aTpu-
GyTOM COBPEMEHHBIX CUCTEM. ABTOMATHYECKHI BO3/LyXOOTBOAYUK COCTOUT
U3 KOpIIyca U MOIJIaBKa, KOTOPbIii IepeMenaeTest 110 Mepe HaKOILIeHUs BO3-
JlyXa M OTKPBIBAET Yepe3 TePelaTOuHblii MEXaHU3M BBIITYCKHOE OTBEPCTHE.
[Lnonazb KOHTAKTa BO3/yXa ¢ BOJOI IIPU 9TOM BeCbMa HE3HAYUTEIbHA, YTO
YMEHbIITaeT 06PaTHBIH MPOIECC — HACHIIEHE KUCIOPOIOM TEIJIOHOCUTEIS.
Kpowme T0ro, Bo3yXooTBOUMK CHAOKEH 0OOPATHBIM KJIATIAHOM, TTI03BOJISIO-

UM JIEMOHTHPOBATh KOPITYC Ge3 OTKJIIOYEHHs] CHCTEMbI M IPeNI0TBpa-
TUTH MOTAJIAHNE BO3/[yXa B CUCTEMY.

Hekotopble 0COOEHHOCTH MMEET OpraHu3aIisl BO3AYXOYAaJeHHsT B Me-
CTHBIX (KBAPTUPHBIX) TEIJIOBBIX MyHKTaX. [Ipy UX MCIONB30BAaHUU HE UC-
KJIIOUEHA BO3BMOKHOCTD 3aMOJTHEHKsT CHCTEeMbI OTOILIEHUS BOAOTJIMKOIEBOI
cMechio. B aToM ciryuae Ha HOPMaIbHYIO paboTy aBTOMAaTHYECKOTO BO3/YXO-
OTBOJ[UMKA MOKET OKa3bIBATh BJWSHUE MEHOOOPAa30BaHKUE TETJIOHOCUTEIS.
[Ipu TaKOM BJIMSIHUN BO3MOYKHO TIPUMEHEHNE KOMOUHUPOBAHHOTO BO3/LYXO-
yIAJIeHHsT — aBTOMATHYECKOE U PYUHOE.

Asmomamuueckoe yoanenue 6030yxa U3 600SHbIX UHICEHEPHBIX CUCMEM 30a-
HUSL NPOONEBAC UX CPOK CYNHCODL.

194



COBPEMEHHBbIE TEMAOBbIE MYHKTbl. ABTOMATUKA W PEF'YAMPOBAHME M

6.6. ©UAbTPbI

B TenioBwIX MyHKTaX B COOTBETCTBUY C [3] TpeycMaTpUBaIOT YCTAaHOB-
KY TPSI3€BUKOB [IJIST OCAKICHUS TBEP/BIX YaCTUYEK, HO ATOTO HEJIOCTATOUHO
2t obecriederrs paboToCcocoOHOCTH 1 U30eKAHK TOBPEKICHUI aBTOMA-
TUYECKOW 3aIIOPHO-PETYIUPYIOTIEH apMa- :
TYPBbI, TEIJIOMEPOB, BOJIOCYCTIYNKOB W Ha-
COCOB C MOKPBIM poTopoM. [Iprunna — He-
CIIOCOOHOCTD TIPSI3EBUKOB 0€3 COOTBET-
CTBYIONIUX CETOYHBIX (DUJIBTPOB OCAK-
JlaTh MEJIKHMe 3arpsI3HsIIONIe YacTUIKH,
NMpUXOAAIINE C ceTeBolt Bomoi. Kpome
TOr0, BOJSIHblEe WHKEHEPHDBIE CHCTEMbI
3[aHUs CaMU SIBJISTIOTCSL TIPUYMHOM 3a-
IPSIBHEHUST TEIIOHOCUTENST — OKaJIMHBI,
MaKJIS... DTO JK€ KACAeTCsT M CUCTEM C Uy-
TYHHBIMU PAJIaTOPaMU, U3 KOTOPBIX B Te€UEHWE MHOTUX JIET dKCITyaTallluu
BBIMBIBAIOTCST YACTUIKN (POPMOBOYHOI MACCHI.

Yeyrybasier cuTyaliio o 00pasoBaHUIO 3arPsI3HEHMsI CIIYCK BOJABI U3
CHUCTEM 3JIaHMST TIPU PEMOHTAX U B MEKOTOIUTEJNbHBIN 1epro. Y cKope-
HITe KOpposueobpasoBaHus B aToM cirydae gocturaet 8...10 pas. [Tocaemyrorie-
MY OTPBIBY OTJIOKEHHIT OT CTEHOK TPYOOIIPOBO/Ia CIIOCOOCTBYIOT Jlajke He3Ha-
YUTeJbHbIE THApaBINdecKre yaapsl [83]. ITo sABIsSeTCS MOTOJHUTENbHON

3aBUCUMOCTb MEXPEMOHTHOIO reproAa apmMaTypbl M rnpubopos

Puc. 6.50. OuALTpLI ceTyatble

Tabanua 6.6 OT AMCIIEPCHOCTH MeXaHU4ecKmx rpumecesi* [83]

MesKpeMOHTHBII 11epuo/, JieT, Py AUCIIEPCHOCTI

Tum mpubopa UM apMaTy Pl MEXaHUYECKUX MPUMeceii B BoJe
100 mxm | 500 MM | 800 mxm | 1500 Mrm

Tenmoo6MEeHHUK MIaCTUHYATBIIA 3 0,5 0,2 0,02
Boaocuerunk TypOUHHbILI 10 1,5 0,6 0,005
PasimaTopsl cTasbHble MTAaMIIOBAHHbBIE 20 15 12 8
PasimaTopsl asmomMuHieBble CEKITMOHHbIE 20 12 7 5
BosayxooTBounky apToMaTHUeCKUE 8 4 2 OTKa3
BosmyxooTBogunk pyunoit MaeBckoro 20 11 6 4
TepmocraTuueckuii Kaaman 10 8 2,5 1,1
DJIEKTPOMArHUTHBII KJIAllaH 10 3 0,5 OTKa3

*H]ID/IM TIOCTQSTHHOM COJIeP;KAaHUM YaCTUI] YKAa3aHHOTO a3M§Pa 10 mr/mv3,
TIPUYMHON HOPMATUBHOTO 3aIlpeTa IMPUMEHEHNA 3allOPHBIX KJ/IAaIllaHOB, B TOM

YHCJIe M COTEHOW/THBIX, /IJII PETYJINPOBAHNS B TETIJIOBBIX ITyHKTaX [3].
Hanuuue 3arpsisnenus B TeIJIOHOCUTeJIE IIPEAOIpe/iesiaeT dKCILlyaTa-
[[MOHHBIE 3aTPaThl 110 O00CIYKUBAHUIO TEIIOBBIX MyHKTOB. YeM KpyrHee
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pasMep MeXaHUUYEeCKUX TPUMECeil, TeM KOpoue MEesKPEMOHTHBII Treproj 06-
CayKUBaHUST 060PY/IOBAHUS TEIJIOBBIX IYHKTOB U THAPABIMYECKUX CHCTEM
snanus (tabauna 6.6). [l aproMatnueckux kaananos /langoce, npumens-
€MbIX B TEIIOBBIX IYHKTaX, [OIYCKAETCs IPUMEHSTb CeTKy (UJIbTPOB C
aueiikoit 0,6 MM u 6oJree.

J1J1s1 O4MCTKY TETIOHOCUTEJISI OT MEJIKUX YaCTUYEK MCIIOJIb3YIOT CeTya-
Thie husrbTpel andoce ¢ paznuuibiM pasMepoM stueek. OHE MOTYT ObITh:
0,3; 0,5; 0,8; 1,25; 1,6 MmM. 3arpssHsIONINe YACTUYKK OOJIBIIETO OT AYEHKI
pasmepa oceslaioT Ha CeTKy (DUIbTPa, HAXOASIIYIOCS IO/l YIJIOM K ITOTOKY
BOJIBI, 1 cobupatorest B kamepe. Kamepa MozkeT ObITh OCHAIIEHA HIAPOBBIM

KPaHOM JIJIsI CITyCKa TEIJIOHOCUTEJIS TIepell ChbeMOM ceTKu. Bo Bcex duibt-

pax ceTKa BBIMOJHEHA CHeMHOI JIJis pereHepanun 6e3 JeMOHTa)a KOpITyca.

Omna u3roroBJieHa U3 HepsKaBeIoleil

! cranu. Kopiryc (puabTpoB BbITIONHEH

U3 JIATYHU JJIst pe3bOOBOTO CoenHe-

Hust b0 uyryHa st (hIaHIeBOroO
COEIUHEHUSI.

Hadexcnas paboma obopydosanus
Menio6o20 NYHKMA U CUCTEM 30aHUSL
80 MHO20M 00eCneuusaemcs. omcym-
CMBUeM 3azPASHIIOUUX UACTIUYEK 8
menionocumene.

3aTBOp MOABEMHbIN B BMAE TapeAkun

6.7. ObPATHbIE KAATTAHDbI
N OBPATHbIE 3ATBOPDbI

O6paTHble KITATTaHbl TpeTHa3Ha-
YEHBI JIJIS [TPEAOTBPAIIECHIS ABUKEHIS TEIJIOHOCUTEIST B 0GPaTHOM HallpaB-
JeHnu [57]. B TemIoBbIX MyHKTaxX MPUMEHSIIOT 0OPaTHYIO apMarypy IMOBO-
POTHOTO U OABEMHOTO MPUHIHIIA AeiicTBust (puc. 6.51). O6brurO npu pabo-
Te CHCTEMBI 0OpaTHAS apMaTypa HAXONUTCS B TOCTOSTHHO OTKPBITOM TTOJIOsKe-
aun. [Ipn aToMm 3aTBOp (Tapesika, CETMEHT, Tap) TPUTIOAHAT Ha/l ceayioM. B
TO K€ BpeMsl, B HEKOTOPBIX CXeMaX, HallpuMep, Ha puc. 2.2, 0OpaTHBIN KJia-
maH mpu paboTe HACOCOB MOJIKEH HAXOMAUTHCS B 3aKPHITOM TOTOKEHH.

B ob6patHOM KjamaHe TOABEMHOTO THUIA 3aTBOP TIepPEMETaeTCst
MapasIelbHoO TMOTOKY, & B 06pATHOM 3aTBOpe — TOBOpaunBaercs. JIJst Toro,
9TOGBT KITamaH OBbLT OTKPBIT, CHITOBOE THAPABIMYECKOE BO3IENHCTBIE TIOTOKA
Ha Hero JI0JIKHO yPaBHOBELIMBATB €ro Bec. B TakoM ciiydyae 3aTBOp co3/1aeT

Puc. 6.51. O6paTHble KAanaHbl M
obpartHble 3aTBOpbI
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HavMeHbIllee THAPABINYECKOE CONPOTHBIIEHNE, HO 00JIaIaeT OJHUM HeI0-
CTATKOM — OIPeJIeJIEHHBIM MOJIOKEHUEM YCTAHOBKH. Y CTPAHSIOT 9TOT HEZ0-
CTaTOK MOANPYKMHUBAHUEM 3aTBOPA, YTO MO3BOJISIET PACIIOJIaraTh €ro B JIo-
60om nostoskerrn. OIHAKO TIPU TOM YBEJIMUMBAETCS €r0 COMpOTURIeHuE. B
JOOOM cJTydae, BO3MOKHOCTD TIPUMEHEHUsT 0OpaTHON apmMaTypbl (e3 mpy-
JKUHBI M JIOMYCTHMOE ee pabodee MONOKEHUE CIeAYeT YTOYHATh 110 TEXHMU-
YECKOMY OIMMCAHUIO K KOHKPETHOMY THITY.
O6paTHyI0 apMaTypy BBITIOJHAIOT ¢ BHYTPEHHEN pe3bOoii, ¢ dhraHamu,
60 IIpeaHasHAYEHHYIO 17151 Oe3(hIaHLeBON YCTAaHOBKU.

Koncmpyxmusnwvie ocobennocmu 06pammoil apmamypo. onpeceisiom ee mpe-
Oyemoe nooNceHUe 8 6ePMUKAILHOL NIOCKOCTU MENL08020 NYHKMA.

Puc. 6.52. Tenaocuerumku AaHdocc:
1 — YAbTPa3ByKOBO# pacxosomep;

2 — TEenAOBbIYUCAMTEAD,

3 — Aatynkm Temneparypsbl

6.8. TETTAOCHETHYMKM

TertocueTynk — npuboOp I U3MEPEHUs KOJUUECTBA TEMJIOThI, KOTO-
pyto noJydaet norpeburesis ot terocetu. CyrecTByer GoJbioe MHOT006-
pasue KOHCTPYKIIUI TeIJIOCUeTYNKOB, HO BCE OHM COCTOSIT U3 TPEX OCHOB-
HBIX YacTell — pacxo[oMepa, TEIIOBBIYUCTUTENS U IATYNKOB TEMIIEPATYPbI
TENJIOHOCUTEJIS.

PaccmarpuBast pazHooGpasue pacxojoMepoB ¢ THAPABINYECKONH TOUYKK
3penus, 0cobOro BHUMAHUS 3aC/IyKMBAIOT yJAbTpasByKosbie (puc. 6.52). ¥
HUX PacXo/0MeP BbITOJIHEH u60 B BUze TpyObl Bentypu, 6o — moaHonpo-
xonHOTO maTpyOka. CozmaBaeMoe UM THIPABIMYECKOE COMPOTUBJICHUE SIB-
JIIeTCA MUHUMATBHBIM. DTO O3HAYAET, YTO TAKOW PACXOI0OMED, ABJIACD dJie-
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MEHTOM PETYJIUPYEMOTO YUaCTKa, He TACUT Ha cebe pacrosiaraeMoe JIaBieH1e
U He yXY/IIAeT YIpaBiaseMocTh oObekta peryauposarus. OcobeHHO BasKHO
9TO TIPEUMYIIECTBO TIPH YCTAHOBKE PACXOIOMEPA B JEHCTBYIOIINX TEILIOBBIX
nyukTax. Tora He TpeGyeTcs mepecder U 3aMeHa PEryJanpyolMX KIanaHoB U
HACOCOB U3-32 BHOCUMOTO JIOTIOJIHUTEIBHOTO TH/IPABINYECKOTO COTIPOTUBIIEHUSL.

YabrpasBykoBoii tenocueTynk SONOMETER 1000 — aTto xoMIakt-
HbIi IpGOP KoMMepuecKoro yuera Ternosoii snepruu (d, = 15...32 mm; Vy =
=0,6...6,0 M®/4; Viax = 1,2...12 M3/4). B HeMm uciosib30BaH UCKIIOUUTETBHO
AJIEKTPOHHBIN METOJI U3MEPEHHsT PACXOJIa TENJIOHOCUTENsI, OCHOBAHHBIN Ha
OTIpe/leJIEHNN PA3HUIIBI BPEMEHU TIPOXOKIEHUs YIbTPA3BYKOBOTO CHTHAJIA
BJIOJIb U IIPOTHUB IIOTOKA TEILJIOHOCUTEJIsI. [[JIs1 9TOr0 IIpUMEHEHbI CIIeIUab-
HbIE U3JIyYaTesIH, OTPAKATENU U IPUEMHUKY CUTHAIOB. VIX 0COGEHHOCTD 3a-
KJIIOYAETCsI B TOM, YTO OHU HEe CO3/IAI0T OTPHIBHBIX T€UEHUI TETLIOHOCUTEIS,
a OUUIIAIOTCS TIOTOKOM OT KaKMX-JTMO0 BO3MOMKHBIX OTJIOKeHMiA. [Tosyuen-
HBIE CUTHAJIBI OT JIATYUKOB PACXOJOMEPA U JATYHKOB TeMIepaTypbl 0Opaba-
TBIBAIOTCSI TEIJIOBBIYUCIIUTEIEM U BBIIAIOTCS B BUJIE€ KOJUYECTBA TEILTIOTHI.
Pesysbrarthl BBIUMCIAEHUN U [APAMETPHI TEIIOHOCHUTENSI BBIBOASITCS Ha
BCTPOEHHBIH KUIKOKpUCTAIIMYeCKU aucteil. Kpome toro, npegaycMoTpe-
Ha BO3MOKHOCTb CYUTBIBAHUS JIaHHBIX TIocpegictBoM M-Bus, RS232, pagno
WJIN ONITUYEeCKOTo MHTepdeiica.

[Monyyaemas nHGOPMAIUA OT TEIJIOCUETYNKA BCEOOBEMIIONIA U TIPEJ-
HazHaueHa JUUIS Y/IOBJETBOPEHUS KaK HY/K/ TIOTpebuTesist, Tak U TpeGoBaHnit
TeriocHabkaoeil opranuszaiui. Bor HekoTopbie U3 0ToOpakaeMbIX n3Me-
PsIEMbBIX U ADXUBUPOBAHHbIX TTAPAMETPOB:

® CcyMMapHOE KOJIMYeCTBO OTPeOIEHHON TEIIOBOI 9HEPIHy;
® CyMMapHBII PacXoJl TEMJIOHOCUTEJIST;

e porpebiieHne SHEPTUK Ha PACYETHYIO JIATy;

® MTHOBEHHBIE 3HAUCHWs pacxXofla TETJOHOCUTEsS U TeTJOBOI
MOIITHOCTH;

® [UKOBBIE (32 MeCsIl) 3HAUEHUS PACXOIa TEIJIOHOCUTEISA W TETIOBOM
MOIIHOCTH;

® TeMmIlepaTypa B IIOJAIONEM U O6paTHOM TPY6OHPOBOZI6, a TaKXKe
Pa3HOCTDb TEMIIEPATYDP TECIIVIOHOCUTEJIA;

® KOJMYECTBO 4acoB PabOTHI;
® KO/ OMIMOKH.

[TomecstunbIit apXUB JJAHHBIX COCTABJISIET 24 MecsIIa.
SONOMETERTM1000 siBsisieTcs nepBbIM aTTecTOBaHHBIM B EBporie 110
EN1434 rennocuetunkom kjacca Tounoctu 2. IlyckoBoii (cTapToBbIii) pac-
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XOJI TETJIOHOCUTE A B HeM - 1...12 j1/4, a TIOJTHBIN [Uana3oH U3MEpPEHUS pac-
xoza cocraniser He menee 1:1500. Takue yHuKaIbHbIE XaPAKTEPUCTUKH 110~
3BOJIAIOT IPUMEHSTH JAHHBINH NPUOOP /U1 TOTPeOUTEIeH ¢ HE3HAYUTETbHBIM
terionorpebierneM - ouc, KBapTUpa, YCTAHOBKA... ITO 0COOEHHO aKTyasIb-
HO TIPU OTCYTCTBHM METOJUKU KOHCOJHMIUPOBAHHOTO PACUeTa Pa3JIUUHbIX
norpeburesieit, pacroIoKEHHBIX B OJIHOM 3/[aHUH, & TAKKe TPU HU3KOM Kaue-
CTBE IPEIOCTABIISIEMBIX TEILIOCETHIO KOMMYHAJIBHBIX YCIIYT JIJIST 4I€EKBATHOI
WX OILJIATHI.

[Iutanue TenymOBBIYUCANTES IBOITHOE; OCHOBHOE U pe3epBHOE. OCHOB-
HOe MOJKET ObITh PeajM30BaHO OT JIMTHEBOTO aKKyMyJisiTopa (6asoBas KOM-
MJIEKTAIHST) O CPOKOM CryskOb1 12...16 jiet 1 0T ceTr riepeMeHHOTo ToKa 220
mubo 24 B. TpenycMoTpeHHAs BO3MOKHOCTh [TPUMEHEHUST aKKyMYJISITOpa
0c060 aKTyasIbHa IPU HECTAOMIIBHOM 3ieKTpocHabkeHn 3anust. Kpome To-
IO TEIJIOBBIYKCIUTENb OCHAIIEH [IOMOTHUTEIbHBIM 2JIEMEHTOM MTUTAHUS, KO-
TOPBIiT 00ECTIEYNBAET COXPAHHOCTH APXUBHDIX JIAHHBIX O TEILIONOTPeOIeHNH,
a Takke (PUKCAIMI0 BPEMEHU OTKJIIOYEHUsT OCHOBHOTO MUTAHUS U Hepaboue-
ro mepuoja remiocderdynka. Oruiara 3a 9TOT MEPHoJ| OCYIIeCTRIseTcs abo-
HEHTOM B COOTBETCTBUU C IIPEyCMOTPEHHBIM BAPUAHTOM OILJIATBI 110 IOTOBO-
Py ¢ TeriocHabsKaroIeil opranusaiieil, Harpumep 1o Taprdam 3a OTarIuBa-
e€MYIO TIJIONIAIb TTOMEIleHUH.

CulelyiolliliM B THUIOPsiie YJIbTPA3BYKOBBIX TeriocueTdnkoB Jlandoce
apisgercs SONOMETER 2000. On cocrout us pacxomomepa SONO 2500 CT
(dy = 25..80 mm), ternosprunciutenss INFOCAL 5, INFOCAL 6 smbo
INFOCAL 5 OS, a takke JaTYUKOB TeMIlepaTypbl. B 9TUX TeIIoBbIYmCINI-
TeJIsIX PeAIM30BaHbI Te JKe (PYHKIINU, KOTOPble pACCMOTPeHbI Bbilie. OHAKO
€CTb 1 HEKOTOPBIE CYIIECTBEHHBIE OTIUTHSI.

YabrpasBykoBoii Temiocuerunk ¢ INFOCAL 5 npennasnauen TOJbKO
JUIS IPUMEHEHUS B 3aKPBITBIX CHCTEMaX TerIocHabkeHus. TerIoBbuncm-
TeJib KOMILTEKTYIOT garunkamu Temepatrypbl Pt 500. Ou Takske numeer ap-

XWB JAHHBIX HA 24 MecsATia.

Yabrpassykosoii Temiocuetyuk ¢ INFOCAL 5 OS npennasuaden
JJIsT IPUMEHEHUST KaK B 3aKPBITHIX (6e3 Bogopaszbopa u3 TeIIoceTn ), Tak
U B OTKPBITHIX (C HEMOCPEACTBEHHBIM BO0Pa36OPOM 13 TEITIOCETH ) CHC-
TeMax TeraocHabOkeHus. VIMeeT paciinpeHHbIil apXuB JaHHbIX; Ha 4320
vacos, 360 nueit, 36 Mecstiies, 15 jer. Takue BO3BMOKHOCTH TIO3BOJISIIOT pe-
[IaTh 33j[a4 KOMMEPUYECKOTO ydeTa MPAKTUIECKHU JIIOOBIX CXEMHDIX pe-
[IEHWH TIPUCOEAUHEHUST TOTPEOUTEISL.

Yivmpaseyrxosvie pacxodomepvr 061a0aiom He3HAUUMETLHOIM 2UOPAGIUYEC-
KUM CONPOMUBLEHUCM, HE UCKANCATIOM DACXOOHDIC XAPAKMEPUCTIUKIU Pe2y.iil-
DPYIOUUX KIANAHO8 U HE GIUSIOM MeM CAMbIM HA Ynpasienue 006eKmom pezy-
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JAUPOBAHUSL.

Modepnusayus meniogvix
NYHKMOB Nymem Ycmanog-
KU YJIbMPassykosulx pacxo-

)

08 _ domepos ne mpebyem 0o-
- W ﬂ NOJHUMENLHBIX — CYU,ecm-
‘ e = BEHHBIX  2UOPABTUUECKUX
LR EFIEF

sampam.
HepazbopHble Paz6opHble

Puc. 6.53. lNAacTuHYaTble TeNAOOOMEHHUKN

6.9.
NAACTMHYATBIE TETTAOOBMEHHWMK

ILracTrHYATHI TeIOOOMEHHUK — ammapar, B KOTOPOM IMPOUCXOJHAT
TEMJI00OMEH MESKILY CEeTEBON BOIOI M BOJON CUCTEMBI OTOILIEHHSI JIHOO TO-
psadero BogocHabskerHus (puc. 6.53). Ero moBepxHoCTh TermmoodMeHa cobpaHa
13 TApaJUIeIbHO PACIIOJIOKEHHBIX IITAMIOBAHHBIX TUIACTUH C THCHEHHEM
onpeiesieHHoN KoHburypannu. Kaskaas Bropasi IlacTHHA pasBepHyTa Ha
180°, oOpasoBbiBast ¢ TEPBOIl U MOCTEAYIONIEH TeJeBUIHbIE KaHAJbI /s
TEMJOHOCUTEST U TOYKU OTOp. TOHKHE IMJIaCTHHBI W Majible PACCTOSTHUS
MESK/Ly HUMH MO3BOJISIIOT TTOJYYUTh BHICOKYIO0 KOMITAKTHOCTD U HU3KYIO Me-
TAIJIOEMKOCTh TEIIIOOOMEHHIKA, a ONTHMU3UPOBAHHAsT KOHMUTYpaIlHsl Ka-
HaJIOB — TIOBBIIIEHHYI0 HHTEHCUBHOCTD TEIIOOOMEHA, YTO HEJOCTHKUMO B
JPYTUX THUIAX KUAKOCTHBIX TEILIIO0OMEHHIUKOB.

B TemioBbIX IMyHKTax 00BIYHO MTPUMEHSIOT ILTaCTUHYATHIE TEILIT00OMEH-
HUKH HepasOGopHOH b0 pazbopHOil KOHCTPYKIMU. B HepasObopHBIX — Bce
IJTACTMHBI M UX TOUKU OIOP CHASHBI MEKIY cOO0M U 06PasoBBIBAIOT C KOH-
[EBBIMU TIJIACTHHAME IEJbHYI0 KOHCTPYKIMIO. K KOHIIEBBIM ILIaCTHHAM
MIPUTIASHBI TIOABOAIINE 1 OTBOASIINE NaTPyOKu ¢ pe3b0oii b0 diianiamMu
Ha KOHI[AX I IPUCOeANHEHNs K TpyOornpoBoaam. IIpuMensior Hepasbop-
HbIE TEIIIOOOMEHHUKH Yallle /s CHCTeM OTOIIeHus. IX HeJjocTaToK — He-
JOCTYITHOCTD TJIACTHH IS MEXaHWYecKol ourcTki. OpHAKO, A0MYCKaeTCs
[IPUMEHEHHE TIPOMBIBKI XUMUYECKUMI PeaKTHBAMU, B TOM YKCJIe KACTOTa-
MU, MTOCKOJIBKY IJIACTHHBI HEPasOOPHBIX W pa3OOPHBIX TEIMJIOOOMEHHUKOB
«/landocces» BBITTOJHEHBI U3 KUCJTIOTOCTOMKOM HEPKABEIOMIeH CTaJIN.

Haub6oJiee IpakTHYHBIMU [T OUUCTKU [TOBEPXHOCTH TEIIO0OMEHA sIB-
JISIOTCST pa3bopHble TernooOMeHHUK I, VIX valie MPUMEHSTIOT B CHCTEMaX Io-
pstaero BogocHabskeHust. OHM COCTOSIT U3 OT/EABHBIX TIACTHH C TIPOKJIA/KA-
MU; prcinocodsenbl s ObicTpoil pasbopku u cbopku. Bes mosepxHocTb
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TernyooOMeHa JIOCTYMHA Il OYUCTKU. [IJIaCTUHBI CTATUBAIOT MEKLY COOOI
GostamMu, 3alelIAeMbIMU 32 KOHIIEBbIE TJIACTHHBL Biarojgaps TakoMmy
3a1eIIEHUI0, TETIO0OMEHHUKN 06JIa/Ial0T BBICOKO 9KCIIIyaTallnOHHON Ha-
JIEKHOCTBIO 1 MUHUMAJIbHBIM BPEMEHEM JIJI PEBU3UHU U OUMCTKU.

B pasGopHBIX MIaCTUHYATHIX TEMIOOOMEHHUKAX 00€CeurBaloT repMe-
TUYHOCTH MEKY KaHaJaMU YIIPYTUMU MHOTOKPATHO MCIIOJIb3yEeMBIMU MTPO-
kiaKkaMu. VIX TIPUKPEIIAIOT K IJIACTHHAM CIIEIIUMAJbHBIMUA KJINTICAMU, T10-
3BOJISIONMME TIPU HEOOXOIMMOCTH OCYIECTBUTH OBICTPYIO 3aMEHY.

OO6mEenpuHATHIX PEKOMEHIAIMH 10 06J1aCTH TIPUMEHEHU HePa3hOPHBIX
Wn pasbOPHBIX TJIACTUHYATBHIX TEIIO0OMEHHUKOB HeT. OOHIUM TT0IX00M
SIBJIIETCS TIPUMEHEeHUe PasboPHBIX KOHCTPYKIIUEL IPU TENIOHOCUTEIE T110-
XOro KauecTsa. B 1o e Bpems, HepazbopHbie TEMI00OMEHHUKH TIPEANOUTH-
TeJibHee J1Jist OOJIBIUHCTBA CIIyYaeB NPUMEHEHUs 110 9KOHOMUUYECKUM TIOKa-
saresisiM. Kpome toro, onu npounee pazGopHbIX Ternoo6MeHHUKOB. K Tomy
ke GOJIBIITMHCTBO U3 HUX UMEIOT MEHDIINI BEC U Pa3MepBbI.

B reroo6MeHHUKE TIPUMEHSIIOT TOJBKO OJHOTUIHbBIE MJIACTHHBL Ha-
MMeHbIIee KonuecTBO — Tpu. [Ipr aToM 06pa3oBbIBaeTCs /IBa KaHAIA: OJIUH
IS OXJIKICHUST CETEBOI BOJIbI, BTOPOI /111 HATPEBA BOJ[bI MH;KEHEPHOI CH-

OAHOXOAOBasI CXema ABYXX0AOBasi Cxema

Puc. 6.54. Habopbl nAacTUH TenAcoOMeHHMKa

creMbl 3/aHus. TpebyeMyIo TerIoBy0 MOIHOCTD TEIIIO0OMEHHUKA YBEJIU-
YUBAIOT 1006aBIEHUEM TIACTUH. VX KOJIMYECTBO OMPE/IesISIOT TelIOrUpaB-
JIMYeCKUM pacueToM. Takas KOHCTPYKTUBHASA BO3MOKHOCTH 0OeCrieqnBaeT
GOJIBIIYIO CTeNeHb YHU(DUKAIUK, B TOM YUCJIE PEaTH3aIfio TPAMOTOUHOI
16O MPOTUBOTOUYHOM, OTHOXOI0BOI J1M6O ABYXX0/0BOI cxeMbl (puc. 6.54).

O/IHOXOIOBBIM HA3BIBAIOT TEMIOOOMEHHUK C OJHOCTOPOHHUM TIPHUCO-
e/IMHEHUEM MOJBOAANINX U OTBOAAIIUX naTpyoKoB. C TakuM TeriooOMeH-
HUKOM OCYIIECTBJIAIOT GoJiee KOMIAKTHYIO TPYOOIPOBOAHYIO 06Bst3Ky. OH
yIOOHEH B 06CAYKUBAHUM,

JIBYXX0/10BOH TEIMIOOOMEHHUK MMeeT TaTpyOKku ¢ AByX cropoH. ITpo-
XOJIHbIE KaHAJIbI PACIIONIOKEHBI OTHOBPEMEHHO TTapaJijieJIbHO U 1TOCJIe/I0Ba-
TesbHO. [10 cBOEl cyTn Takas cxeMa OObeIUHSAET JIBa OJHOXOAOBBIX TEIIO-
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0OMEHHWKA, COEJIMHEHHBIX MOCJEeI0Ba-
00 TesibHO. IIpu 5TOM B HEM HPOXOAUT TPU
IUPKYJIAINOHHBIX KOHTYPA, HAIpUMep, —
CHCTEMBI TEIIOCHAOKEHMSI, CUCTEMBI OT-
OIJIEHUST U CUCTEMBI TOPSUEro BOAOCHAO-
090 skeHust. [I[pUMeHsioT Takue TermooOMeH-
HUKU B OCHOBHOM JIJIS IBYXCTYTIEHYATOTO
: Harpesa BOJIBI B CUCTEMAaX TOPSIYEro BOJO-
Puc. 6.55. Akceccyapbl  AAf cHabkeHus.
NMAQCTHMHYATHIX [Ipu mpoekTHpoBaHWUU BCETIA CTOUT
TENAOOOMEHHMKOB  5anaun BbI6OPA OLTUMAJILHOTO IPOEKTHOTO
peleHus Kak 10 TeIIOTHAPABINYECKIM, TaK W 110 dKOHOMUYECKUM KpHUTe-
pusM. OIHO3HAYHOTO pellleHrs BO MHOXKECTBE TIPAKTUYCCKUX 337124 HE CY-
mectByeT. OlHAKO HAWTH €r0 BO3MOXKHO, MCIIOJIb3YSI KOMITBIOTEPHYIO TIPO-
rpammy niogbopa tersioobmennnkos "Jlandoce HEX". 13 pacuera HeCKOJIb-
KUX BAPUAHTOB PelieHni BLIOUPaIoT Harnboiee mpueMyIeMblii.
[TpousBoAMMbIE IJIACTHHYATBIE TEIITO0OMEHHUKHU TIOJHOCTHIO TOTOBBI
JUIST TIPAKTHYeCKOro puMenenust. OHu coOpaHbl U IPOBEPEHBI HA FepMe-
TUYHOCTD. [Ipu HEOOXOAMMOCTH MOTYT ObITh YKOMILIEKTOBAHBI TEILIOU-
30JISIIUOHHBIMU CKODPJIYIIAMU U ONIOPHBIMU T10/IcTaBKamu (puc. 6.55).

IInacmunuamouti menaoobmennux obecnewusaem 6vl.COKOOUHAMUUNBLIL
npouecc nazpeea 600bL 6 COOMBEMCMEUU C nepemennvbim menﬂozu&‘paeﬂuuec-
KUM Decumom cucmemol.

ITnacmunuamoiii menioobmennux ¢ 00HOCIMOPOHHUM NPUCOCOUHCHUEM YMEHD-
waem 2abapumol Mmenio8ozo NYHKMA u Yynpouwaem o6Caylcusanue.

6.10. ABTOMATMYHECKHME PET'YAATOPDI
HEMPAMOTO AEMCTBMSI

B coBpeMeHHBIX 37[aHUAX TIPUMEHSIOT KOMIIEKCHYIO CUCTEMY aBTOMa-
TUYECKOTO PeTyJINPOBAHMS MHKEHEPHBIX CUCTEM HAIIPABJIECHHOTO JICHCTBUS.
Owna quHamuyHa U GyHKIIMOHAIBHO 3aMKHYTa. COCTOUT U3 PeryanpyeMbIX
00BEKTOB U aBTOMATUYECKUX PETYJISITOPOB MPSIMOTO M HETIPSIMOTO JIEWCTBUSL.

ABTOMATHYECKOE PEryJIMPOBAHUE HEPAMOrO JIEHCTBUS OCHOBAHO Ha
MIPUMEHEHUH JIOTIOJTHUTEILHON SHEPTUH. B TeryioTeXHIKe — 3JICKTPOIHEPIUH.
[Ipu sTOM curHas JaubO yCuare OT YyBCTBUTEIHLHOTO dJleMeHTa (JlaTurnKa)
[IPU U3BMEHEHUU 3HAYCHUST PEryIUPYEMON BeJIMYMHBI BOCTIPUHUMAETCST U 00-
pabaTbiBaeTCs YIPABJIAIONUM JTHMO0 YCUTUBAIONIM 9JIEMEHTOM (9JIEKTPOH-
HBIM PETYJISATOPOM ), C TIO/IBE/ICHHON 3JIEKTPOdHEPIrUeii, iepeiaeTes K NCIoJI-
HUTEJIbHOMY MeXaHu3MYy (3JIeKTPOIIPUBO/LY ), KOTOPbBII BO3/IENICTBYET Ha pe-
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IyJIUPYIONINiA KIanaH.
PerysissTopbl HEMPSIMOTO JIEHCTBUST O3BOJISIOT OOBEAUHUTD BOEIAUHO
peTyJIMPYIONTIE 2JIEMEHTbI TEIJIOBOTO MyHKTa M KOMIIJIEKCHO BO3/IEHCTBO-
BaTh Ha PEryJupyeMblii 0OBEKT, MOCTHras HAUJIYUIIUX MOKa3aTesei
aHeproaHEeKTUBHOCTH, HATPUMED, IPUMEHSIS PEryJIUPOBAaHUE O TTOTO/I-
HBIM YCJIOBUSIM, PEXKIM HOYHOTO CHIDKEHUs Terionorpebienust... Taku-
MU peryJsiTopamMu ObICTPee U TOUHee OKa3bIBAIOT BJIUSHUE HA OOBEKT Pery-
JINPOBAHUS BO3/ICHCTBYS HA HETO TI0 OTPEIEICHHBIM 3aKOHAM PEryJInpoBa-
HUS.

B cospemennvix 30anusx 6ce npoueccol YynpasieHust UHHCECHEPHbIMU CUCTEMA-
MU ABMOMAMUSUPOBAHDL.

6.10.7. 3aKOHbI peryaMpoBaHms

B cucreme aBTOMATHYECKOTO PEryJIUPOBAHUST HEOOXOAUMO YUUTHIBATD
JAMHAMUYECKHe XapakTepucTuku obbekra. Torga pabory peryssrtopa Ha-
CTPAMBAIOT TI0 OTIPEICJICHHBIM TIPUHITATIAM U 3akoHaM. [lo mpuHImMmny neii-
CTBUS PA3JIMYaIOT PETYJISATOPbI HENMPEPBIBHOTO JINGO MPEPBIBUCTOTO JIeii-
CTBUA. PerysiTopbl HEIIPEPBIBHOTO JIEHCTBUS, B CBOIO OU€pe/lb, TIO/IPA3/IeIs-
10T TI0 3aKOHY PETryJIMPOBaHUA. 3aKOHOM PETYJNPOBAHUS CYMTAIOT 3AKOHO-
MEPHOCTb M3MEHEHMSI BBIXOZIHOTO CUTHAJIA PETYJISATOpPA B 3aBUCUMOCTH OT
CUTHAJIA HA eTo BXoJie. Pa3imualoT cienyonie 3aKOHbl PeryJInpoBaHus:

® BYXIO3UIIMOHHDI;

MIPOIIOPITMOHALHBIH;

WHTErpaJIbHbIN (acTaTU4ecKuii );
MPOTIOPIMOHATIBHO-UHTETPAJIbHBIN (M30IPOMHBI );
MTPOMOPIMOHAIbHO-UHTETPATIbHO- TN DepeHITNaNTbHBIH.

OCHOBBI ATUX 3aKOHOB PACCMOTPUM Ha IIpUMepe paboThl CUCTEMBbI Tell-
JocHabkeHus Kajgopudepa TPUTOYHON crucTeMbl BeHTUsAuK (puc. 6.56).
[TonoxuresnbHOl U OTpUTIATENBHON OCcAMU () YKA3aHO COOTBETCTBEHHO TeTl-
JIOTIOCTYIIJICHWE W TerionoTepu nomenieaus. [lonoxuTenbHoit u orpuiia-
TeJIbHON OCSIMU ¢ — TIOBBIIIICHUE W TIOHMIKEHUE TeMIlepaTypbl Bosayxa. [lomo-
JKUTEJIbHON ¥ OTPHUIIATEHHOU OCSIMU /I — HAllPABJIEHUE TIePEMEIIEHIST 3a-
TBOPA KJIallaHa Ha OTKPBIBAHNE W 3aKPbIBAHHUE.

HauboJee pocroe perympoBanue — ABYXIO3UIMOHHOE. [Tpu TakoM 3a-
KOHe KJaraH Jubo TTOJHOCTBIO OTKPHIT, 1ub0 3akpbiT. [[puMenenue aByxmo-
3UIMOHHOTO peryJnpoBaHus (IIPOIyCKaMu), HAIPUMEp, KJIAITAaHOM C 3JIeK-
TPOMArHUTHBIM (COJICHOMIHBIM) ITPUBOJIOM B TEIJIOBBIX CETSX 3aIPEIICHO
[3]. B 10 ke Bpems, /ist peryIMpoBaHust KOHEYHOTO TOTPEGUTEIISA BO BHYTPEH-
HUX CUCTeMax 37IaHus, TAKOTO Kak Kajmopudep, (hankoi, paauatop # T. II.,
JIBYXTIO3UITMOHHBIN 3aKOH PETyJIMPOBAHUSA MMEET MIMPOKOe TPUMEHEHHUE.
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Ero peanusyior kiananamu c Tep-
MorpuBoziaMu. TepMoIpuBozL usme-
HsIeT MOJIOJKEHUST 3aTBOPA KJaraHa
(3aKpBITO WU OTKPBITO) B TeyeHue
00bIYHO He MeHee T = 3.5 MUH. ITO
[I03BOJISIET TIPENOTBPATUTH TUPAB-
JIMYECKYIO HeCTaOUIBHOCTD PabOThI
CUCTEMBI: TUPOYIAPDI, IIYM U IIp.
[IpornopiinonanbHOE PETyaUPO-
Banue (II-perynupoBanue), 1o cBo-
eil cyTu, gBideTcs peanusamueit
UJIeaIbHOTO PEryJUPOBaHU, Pac-
cMmoTpenHoro B 1. 5.1.1. MIamenenuio
TEMJIOBOTO COCTOSIHUST OOBbeKTa pe-
IyJIMPOBAHUSI COOTBETCTBYET Iepe-
MellleHue 3aTBopa Kianana. [1pu uc-
MOJIb30BAHUN 3TOTO 3aKOHA HEOOXO-
IUMO YUYUTHIBATH BJIMSHUE aBTOPU-
TeTa KJIAIlaHa Ha ero PacxXoiHylo Xa-
pakTepuctuky. B mporusHom ciyuae
BO3HUKAET OCTATOYHAS HepaBHOMEp-
HOCTb PETYJIUPYEMOrO MapaMeTpa.
[Tponopiona IbHO-MHTErPATTh-
Hblii 3akon peryiupoBanus (I1U-
peryJipoBaHue) COUeTaeT MOJIOKU-
TeJIbHbIE CBOICTBA IIPOMOPITMOHAIb-
HOTO U MHTErpajbHOTO PEryiupoBa-
nug (U-perynuposanue). [Iporop-
IIMOHAJIBLHOU cocTaBJsiionieii obec-
[EeYUBAETCSI JIYUIIUiA TIPOIECC mepe-
X0/la B HOBOE IIOJIO)KEHUE 3aTBOPA
KJIAllaHa, a UHTErPAJbHOI — co3za-
ercs KosebaTesbHOe nepeMeleHne
3aTBOPa, BO30OHOBJISIONIEE PEryJin-
pyeMblii mapamerp 6e3 OCTaTOYHOI
HepaBHOMepHOCTH. Takum 06pasoM,
peryJupyioiiee BO3/eliCTBUE IPO-
MOPITUOHATIBHO OTKJIOHEHWIO pPery-
JINPYEMOTO MapaMeTpa U UHTerpay
BpeMeHU 3TOro oTkionenus. [Ipu
9TOM IIPOUCXOIUT JIUIIb HE3HAYU-
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TeJIbHOE OTKJIOHEHUE TeEMIIePATYPbI BO3/yXa ¢ B HaYaJle U3BMEHEeHUs TEIJI0BO-
ro GajaHca MoMeNeHust. DTa CoCOOHOCTh JOCTUTHYTA TIPUMEHEHneM ru6-
KOI1 (yIIpyroii) o6paTHOM CBSI3U MEK/Y PErYJIMPYEMbIM [TaPaMETPOM U Pery-
sgupyionmM kiananom. [loaTomy /ist cBOeBpeMEHHOTO pearnpoBaHus HA U3-
MeHeHUE TEIIIOBOTO PEKUMA B TIOMEIEHUU PETYJISTOPBI HEIIPSIMOTO JIEWCTBIS
VIIPABJISIIOT 3JIEKTPOIIPUBOIAMMU.
[TponopiiroHasIbHO-MHTETPAILHOE PETYINPOBAHIIE UMEET IIPEUMYIIECT-
BO [IPU PETYJIMPOBAHUK OBICTPO U PE3KO U3MEHSIOIIUXCS PETYIINPYEMbIX Be-
JIMYUH C CAMOBBIPABHUBAHUEM U O3 CAMOBBIPABHUBAHUS 33 CUET TEILIOBOU
UHEPIIUU PEryJIupyeMoro 00beKTa, HalpuMep, TEMJIOBOH UHEPIMN 3/IaHMsI.
[Tpu perysupoBanuy TeMIiepaTypbl BO3[yXa B IIOMEIIEHUSAX 3[aHUS C OT-
PAKIAIOIIUMEI KOHCTPYKIIUSIMU, UMEIOIIMMHU OOJIBIIYIO TETIOBYIO HHEPIHIO
U He3HAYNTETHHOM 3aI1a3/[bIBAHUI PEAripOBAHUST TEMIIEPATYPHI BO3IyXa HA
U3MEHEeHUe TeMIlepaTyPHOil 06CTaHOBKH, BLIOOP IIPOIOPIIMOHAIBLHOIO 1100
HPOTIOPIIUOHATIBHO-UHTETPATBHOTO 3AKOHA PETYJINPOBAHMS He IAeT CYIIEeCT-
BeHHbIX IpenmyiiecTB. OMHAKO B 3MAHMIX C OTPAKIAIONIUMU KOHCTPYKIIU-
SIMH, UMEIOIIUMU MAJIYIO TEIJIOBYI0 MHEPIIUIO, IPEUMYIIECTBA TPOIOPIINO-
HAJIbHO-MHTErPAJIbHOTO 3aKOHA OoJiee 3HaYnuTEbHBIL. B j11060M ciyudae, Bo3-
MOJKHOCTb PEQJIN3alUU PEryJsiTOpaMu HENPSIMOro NeiiCTBUs PeryiupoBa-
HUSL 110 TIOTO/IHBIM YCJIOBHSIM, PEKUMA BBIXOHOTO JIHS U T. I1. IO3BOJISIET T10-
JIYUUTh 9KOHOMHUUECKHUHT 2(h(HEKT 3a CueT CBOEBPEMEHHOT0 06eCTieYeH s TeTl-
J0BOro Komopra.
[Tpu peryaupoBaHuy UHKEHEPHBIX CUCTEM 3/IAHUS [TPOIOPIINOHATBHO-

UHTerpaibHO-A(MdOepPeHInaIbHbIil 3aKOH PETYJINPOBAHUS IPAKTUIECKU He

npuMeHstior. Ero 0co6eHHOCTh COCTOUT B TOM, UTO MepeMellieHre 3aTBopa

KJIAMIaHA CTABAT B 3aBUCUMOCTH HE TOJIbKO OT CKOPOCTHU, HO U OT YCKOpPe-

HUST U3MEHEHVS PETYIUPYEMOI BEIMYUHBL, YTO C YUETOM MHEPIIMOHHOC-

TH PacCMaTPUBAEMbBIX OOBEKTOB PEryJIUPOBAHUS SIBJSIETCST MAJIO BOCTPE-

6OBaHHOU (QyHKIHEN.

Jsyxnosuyuonnoe pezyruposanue (pezyiuposarniue nponyckamu) 6 meniosvix
Cemsix, HanpuMep, CONCHOUOHBIMU KIANAHAMU, 3ANPEUEHO HOPMAMUBHO.

II-peeynuposanue u ITH-pezyruposanue — naubdoiee npumeHsemvle 3aKOHL
NPU ABMOMATMUSAUUU UHHCEHEPHDIX CUCTEM 30aHUIL.

6.10.2. AaT4unku Temneparypbl

JlaTyuk Temneparypbl — yCTPOHCTBO B CHCTEMe aBTOMAaTUYECKOTO Pery-
JIMPOBAHUS W KOHTPOJISL, BOCHPUHUMAOIee dyepe3 YyBCTBUTEJIbHBIN 3Jie-
MEHT M3MeHeHNe KOHTPOJIUPYEMOl TeMIepaTypbl BO3/lyXa UM TEIJIOHOCH-
TEJIST ¥ OCYIIECTBIIsToNIEe ee (DYHKIIMOHAIBHOE TPeodpa3oBaHie BO BXOJHON
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Pt

ESMT ESM-10 ESM-11 ESMB-12

Puc. 6.57. Aatunkn Temneparypbl

CUTHAJI JIJIS 3JIEKTPOHHOTO peryigaTopa. /laTuuk TeMIiepaTypbl Ipe/iCTaBIIsgeT
co060ii maarnHoBBI TepMoMeTp conporusiaerrs Pt1000, koropeiii numeer
JINHEWHYIO 32aBUCUMOCTb MEXK/TY 9JIEKTPUYECKIM COIIPOTUBJIEHUEM U TEMIIe-
patypoii usmepsgemoii cpezbl. [Ipu temneparype 0 °C ero cornporubiieHue
cocraBzsiet 1000 Om. C yBesmyeHreM TeMIIepaTypbl COIIPOTUBJIEHNE TaKKe
YBEJIMUMBAETCS, HA UTO COOTBETCTBYIOIIE PEATUPYET PEryJIsTOoP.

Bce TemnieparypHbie IaTUMKK SBJLIOTCS JBYXIPOBOJIHBIMU. KOHCTPYK-

- _ﬁ THUBHO BBITIOJTHEHBI TTO/] YCJIOBUST U TIapaMe-
o4 TpbI U3MepsieMoii cpezibl (puc. 6.57). Tak,

(-] =0
. ‘_J@ @ ESMT npennaznauen ajisi uaMepeHust

S ; TeMIepaTypbl HapyKHOTO Bo3ayxa; ESM-
v wnencs x| {() — BHyTpeHHero Bosayxa; ESMU —
skujkoctn; ESM-11 u ESMC — noBepx-
Puc. 6.58. bAoK AMCTaHUMOH-  wocTH, HanpuMmep, TpyGonposoia; ESMB-
HOro ynpasAeHus 12 — yHuBepcaJbHOTO IpUMeHenus. /lar-
ECA61 vero aMcnaen  yuku /17t HETTOCPEICTBEHHOTO M3MEPEHUS
TEMIIEPATYPBI B TIOTOKE JKUAKOCTH PA3MEIIAIOT B CIIENUATbHbBIX THIb3aX.
[l1a perynupoBaHus TeMIlepaTypbl BO3IyXa B IIOMEIIEHUH B COOTBET-
CTBUM C 33JIaHHBIM TIOTPEGUTENIEM TEITIOBBIM PEKUMOM — TIOCTOSTHHBIM KOM-
(DOPTHBIM, TIOHIKEHHBIM, TTePEMEHHBIM (TIOHIIKEHIE B BBIXOIHBIE [[HU, HOU-
HOE MOHUKEHHE...) — MPUMEHSIOT KoMHaTHbIe pery/stopsl ECA (puc. 6.58).
OHu BOCIIPUHUMAIOT TEMIIEPATyPy BO3/yXa B MOMEINIEHUN CO BCTPOEHHOTO
JIATYNKA TEMIIEPATYPbI, COMIOCTABJISIIOT €€ C 33[AHHBIM TEILJIOBbIM PEKUMOM U
[epesiaioT CUTHAJ Ha 9JIEKTPOHHBIN PETyJISITOP B TEIJIOBOM IyHKTe. B 3aBu-
CUMOCTHU OT MOJIeJIU, TAKIM KOMHATHBIM PeryJisiTOPOM MOKHO KOPPEKTH-
pOBaTh MApPaMETPbhl HACTPOIKU DJIEKTPOHHOTO PEryJsiTOpa TelJOBOTO
nyHkra. Bee HacTpoiiku orobpaxkatores Ha auciiiee. Kpome Toro, Ha Hem
MOKET ObITh OTPAKEHO TEKyIlee BpeMsl, TEMIIEPATypa HAPYKHOTO BO3/yXa,
HanGoJIbIlee 3HAUEHUE TEMIIEPATYPhl HAPY/KHOTO BO3/yXa 32 HOYb 1 MHOTOE
NpyToe.

— =3

Jamuux memnepamypuol /langhocce nunetino peazupyem na uamenenue memne-
pamypuvl usmepsieMotl cpeobi.
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6.10.3. DAEKTPOHHbIE PEryAATOPDI

Auekrponnsiii perysstop ECL Comfort (puc. 6.59) — yerpoiictBo, KoTO-
poe BOCITPUHMMAET CUTHAJLI OT BCEBO3MOJKHBIX JATUYUKOB (TeMIIEpaTypbl
Hapy’KHOTO BO3/lyXa, BHYTPEHHETO BO3/lyXa, TEIJIOHOCUTEJIST, TOPSIYel BOIBI
1 T. 11.), 06pabaThiBacT U GOPMUPYET Ha MX OCHOBAHUI CUTHAI, IIepPelaBaeMblii

Yun-ka a ECL
!— pT 2 - _"“—'—n-ow.-ﬁ o=
@ Pexum paboTbl perynaTtopa

—_— | = Prwooympasree
I T =/ | (npumerAemMCA MoNbHo
c 000000000 ] gl d1A pemoHma u oBCnywueaHus)
[ o l
5 I "ﬂ S -‘; 3 © 4 Aam CKOe ynp.
e 30 19 i R el
| i ) [ocmostHas noku. meMnep.
& I O Pewm owten
[
@ Kuonku-ctpenku. MNepeknioyatens
@
@

Mexay cTpokamu kaptel ECL
Knonka caeura. Mepekniouareny
MERY TEMNepaTypamK, TOKaMH
Danfold WIMEHEHUA U T 1.
©@ YcTanoska Tenniepatyp M ApyvX
3HEEHMT
KHomka nepexnioqeHisn Mexay

®
“PU]MI(BTOD C C H ika  Pexum KOHTYPaMW OTONNERWA
KOHTYpa KOHTYpa gucnnes KOHTpONnepa
Puc. 6.59. O6wwmit BuA anekTpoHHOro peryasitopa ECL Comfort 300 ¢ umn-
KapTOW M yKa3aHWem NoTpebUTEAbCKMX HACTPOEK

NCIIOJIHUTEJIbHOMY MEXaHU3MY. On nmeer TUPUCTOPHBIC BBIXOJbI /JIA YII-
PpaBJIeHUA PETYJIUPYIONUMU KjlallaHaMW 1 pe]IeﬁHbIe BBIXO/IbI [IJIA yIIpaBJie-
HIA HacocaMn 6o 3allTOPHBIMU KJIallaHaMMU. KpOMe TOTO, Y HEKOTOPbBIX MO-
Z[e]Ieﬁ MOTYT OBITD paCmpPEeHbl XapPpaKTEPUCTUKN BXOAOB M BbIXOJOB IIYTEM
[[06aB]IBHI/I$I AHaJIOTOBBIX U pe.HefIHbIX MOI[yJIefI.

Howmenkmarypa ECL Comfort oxBaThiBaeT Kak 04€HDb TIPOCTHIE PETYJIS-
TOPBI C TPAAUIMOHHBIM aHAJIOTOBBIM YIIPABJIECHUEM, TaK 1 COBPEMEHHbIE Pe-
IYJISITOPBI € TOJTHOCTBIO TU(PoBbIM HHTEpdeiicoM. VMU MOKHO yIPaBJISITh
TOOBIMY BOJSTHBIMI WHIKEHEPHBIMI CHCTEMAMU 3IAHUIT U PA3TNIHBIMU X
KOMOUHATISMU. [[7sT yIIPOTIEHMS YITPABIEHUS U YCTAHOBKU CTOKHDIX 1 CO-
BepPIIEHHBIX (DYHKIMI TIPUMEHEHA TEXHOJIOTUS HUHTEJUIEKTYaJbHON dni-
KapTol. Yur-kapra siBJjsieTcst cbeMHOI. Ee mporpaMMupyioT 1o napamerpam,
THUITY U 0COGEHHOCTSIM HHKEHEPHBIX CHCTEM KOHKPETHOTO 31amwst. CooTBeT-
CTBUE MPUMEHSIEMBIX YUT-KaPT HHKEHEPHBIM CUCTEMAM 1 UX KOMOWHATIHSAM
npuBezieHbl B [34].

Anexrponnsiii peryastop ECL Comfort paspaboran kax /ijist HACTEHHO-
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ro, TaK U JIJIs1 MIUTOBOTO UCIIOJHEHUS. Y CTAHABJIUBAIOT €r0 B IIOMEIeHUN
TEerI0BOro IyHkra. [losb3oBaresibcKkuie yCTAaHOBKY OCYIIECTBIISIIOT TIPHU 110-
MOIIU KHOMOK Ha peryJsitope (puc. 6.59) mubo 610Ka JUCTAHITHOHHOTO YII-
pasienusi ECA61 (puc. 6.58). nTtepecyemblie mapaMeTpbl YCTAHOBKU OTO-
Gpaskatorcst Ha auciuiee. Kpome toro, ECL Comfort MoryT ycraHaBiuBaTh
cBa3b nocpezictBoM RS 232 u LON. Takast BO3MOKHOCTD 1T03BOJISIET TUCTAH-
IMOHHO KOHTPOJIMPOBATH M YIIPABJIATE ero paboToii. [To crangapTHOMY Mpo-
tokony LONTalk® anexrponnniii perysasitop ECL Comfort Moryt mpume-
HSTDb B 3J[aHUSIX C IIEHTPATU30BAHHON CHCTEMON YIIPABJIEHUST U KOHTPOJIS.
Kpome ykasaHHbBIX BbIIIE BO3MOXKHOCTEMN, 9JIEKTPOHHbBIE DETYJISITOPBI
OCYIIEeCTBJISIOT:
® (hYHKIIMIO OTITUMU3AIIH SHEPTONOTpeOIeHNsT 00 BEKTA PETYINPOBAHNST;
® oroOpakeHHe BPEMEHU C aBTOMATHYECKUM IEPEXO/OM Ha JieTHee U
3UMHEE BPeMsI;
® OrpaHUYEHUE TEMIEPATYPbl B TOAAMOIIEM U 0OPATHOM TPYyOOIPOBO-
[IaX C YYETOM IIOTOHBIX YCIOBUIL;
® orpaHuyeHre MaKCUMAJIbHOI U MUHUMAJIBHOU TeMIIePATypPhbl TEILI0-
HOCHUTEJIST;
3AIUTY CUCTEMBI OT 3AMOPAYKUBAHILT;
ABTOMATUYECKOE OTKJIIOUYEeHNE CHCTEMbBI OTOILIEHUST;
ABTOMATUYECKOE M3MeHeHNe HACTPOEK HOUHOTO CHIKEHUS TeMIlepa-
TYPBI B 3aBUCIMOCTHU OT ITOTOIHBIX YCJIOBUII;
e ofecriedeHre MTPUOPUTETA CHCTEMBI TOPSIYETO BOAOCHAOKEHUST U 3a-
PAAKY Oaka-aKKyMyJIsITOpa;
KOHTPOJIb TEMIIEPATYPBI BOJLI B CUCTEME TOPSIYETO BOLOCHAOKEHUST,
yiipasJienne paboToil Hacoca (3a/lepiKKa 3a1yCcKa, OCTAHOBKHU U 3alI[H-
Ta OT 3aJTUTIAHNS );
® 3BAIUTY 3JEKTPOIPUBOIOB KJIAMIAHOB OT KOJIeOATENbHBIX JIBUKEHUIT
PU HU3KUX HAIPY3Kax;
® ABTOMATUYECKYIO0 HACTPOIKY CUCTEMBI FOPSYEr0 BOJOCHAGKEHUS CO
CKOPOCTHBIM TETJIOOOMEHHUKOM (JI0CTaTOYHO OTKPBITH BOZOPa3bop-
HBII KPaH, HAKATh KHOIIKY, 1 B TedeHue 7...15 MUH mpoun3oiiier camo-
HACTPOWKA PEryJsaTopa);
® ABAPUITHYIO CUTHAJIU3AIINIO.
[Turanue 27€eKTPOHHBIX PETYJISITOPOB OCYIECTBISIIOT OT CETHU Iepe-
MeHHoro Toka 220 B nnu 24 B. OHu uMeroT BCTPOEHHBIE aKKYMYJISITOP LIS
MOJIJIEPsKKU PABOTHI YACOB IIPU OTCYTCTBUU OCHOBHOTO MTUTAHUSI.

INEKMPOHHLIM PEYASIMOPOM Pearudyrom appexmusnoe ynpasienue umice-
HEePHBIMU CUCTEMAMU 30AHUSL C MAKCUMATLHBIM SHEP2OCOCPENCCHUCM.
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6.10.4. DAEKTPONPUBOABbI

DJIEKTPONIPUBOJL — UCTTOJTHUTEbHBIN MEXaHU3M, BOCITIPUHUMATOTITUI KO-
MaHJIHBIN CUTHAJ OT asteKTpoHHoro peryssaropa ECL Comfort (sm6o momo6-
HOTO) ¥ TIpeobOpasyoIinil ero B BO3eHCTBIE Ha peryaupyomuil kaamad. OxH
HpeicTaB/sieT coO0M HIEKTPOMOTOP, BPaIlleHIE KOTOPOTO Yepes MepeiaTouHbIi

)

b

i i AMV/E10 AMVIE 13 AMV/E 20/30 AMVIE 23/33

AMVIE 25/35 - AMV 323/423/523

Taby~

AMVIE(-H 610"6131’633
AMVIE 410/413/ AMV 85/86

Puc. 6.60. DAeKTPONprBOAbI
MeXaHU3M IIpeo0pasyeTcsl B MOCTyIaTeJbHOE JBMKEHNE, IiepeflaBaeMoe Ha

IITOK peryJupyroiiero kianana (puc. 6.60). Mexay KoanuecTBoM 060pOTOB
JIBUTATEJIST M XOJIOM IITOKA KJIAallaHa CO3/IaHa YeTKasT B3AMMOCBSI3b, TO3BOJIS -
IOTI[ast yCTaHABJINBATh HEOOXOAUMYIO TIPOIYCKHYIO CIOCOGHOCTD PEryJInpy-
IOIIEro KJallaHa aJ[eKBaTHO M3MEHEHUSIM PETYJIMPYeMOro 00beKTa.

OOBEKTHI PEryJIMpPOBaHUs MOTYT WMETh DPas/MYHyH0 HHEPIIMOHHOCTB,
MO3TOMY JIJISI HUX TPUMEHSIOT TIPUBOJIBI C COOTBETCTBYIONIEN CKOPOCTBIO TTe-
peMerneHus mroka. [1o cKopocTH AeHCTBUS PasIyaoT ObICTPbIE U MeJJIEH-
HBIE 9JIEKTPOIIPUBOJIBL Y OBICTPHIX — BPEMsI TIEPEMEIIECHHSI IITOKA PErYJIUpY-
forero kyarnana #Ha 1 MM 710 3 ¢; y MeZIIIeHHBIX — cBbItre 14 c. B cooTBeTcTBIM
€ 9TUM BbIOMpAOT 00J1aCTh TPUMEHEHHMS 3J1eKTPoITpruBooB. Hanpumep, Obi-
CTpble — ISl CHCTEM TOPSYEro BOAOCHAOKEHUSI CO CKOPOCTHBIM TETI000-
MEHHUKOM, a MeJIJIEHHbIE — JIJIsT THEPITMOHHBIX CUCTEM, TAKUX KaK CUCTEMBI
OTOIIEHVS ¥ TOPSIYETo BOAOCHAOKEHHUSI C eMKOCTHBIME GOoiijiepaMu.

DJIEKTPOIIPUBO/IBI C PETYIUPYIONUMHU KJIallaHAMU Pa3IeJisTioT M0 YCJI0-
BUSIM PabOThI: MPeAHAZHAYCHHBIMIE JIJIsT JIETKUX, CPEIHUX MU TSIKEIbIX yC-
JoBuii. K JlerkuM ycJIoBUSIM OTHOCSAT TIPUMEHEHWE BO BHYTPEHHUX HWHIKe-
HEPHBIX crucTeMax 3anust. K cpeHuM — B HeOGOMBININX WHIWBHUYATbHBIX
TEIJIOBBIX IyHKTaX ¢ TeMieparypoii Terionocutesist 1o 150 °C. K tsikesbiv —
npu temriepatype tertoHocutesig 1o 300 °C. B nociexnem ciaydae mpume-
HSTIOT YJITAHUTENN TITOKA.

[To ympaBssiionieMy CUTHATY 9JIEKTPOTIPUBO/IBI KITACCU(DUITUPOBAHBL: HA
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AME u AMV. Tlonoxenue mroka kiaanana ¢ npusojom AME 3aBucur or
3HAUYEHUS YIPABJISEMOrO CUTHAJIA — CUJIBI TOKa, b0 Hanpsikenus. [lomo-
JKeHUe IITOKa KJamaHa ¢ npuBogoM AMV 3aBUCHT OT Tak HA3bIBAEMOTO
TPEXMO3UIMOHHOTO curHasia. [Ipu aToM 3a cuer IIUTeNbHOCTH U TTOJISIPHOCTH
YIPABJIAIONIEr0 CUTHAJA TITOK KJAllaHa MOKET 3aHUMATh J060e TIPOMEIKY-
TOYHOE TOJIOKEHUE.

B coBpeMeHHBIX 2JIEKTPOIIPUBOIAX PEATU30BAHO MHOKECTBO BO3MOXK-
HOCTEN yrpaBJieHusT KaamaHaMmu. VX MOKHO T000path [Iist PEIIEHUsT JI0-
ObIX 3a71au TerocHabKeHnst 3nanuii. [Ipu 9TOM yYUTBHIBAIOTCS He TOJIBKO pa-
Goune XapaKTepucTuKu 0GbeKTa PETYJIMPOBAHN, HO U BHEIITATHBIE CUTYya-
muu. CrenuanbHo pazpabotaHbl MpUBO/bI ¢ (yHKIMEH Ge3omacHocT. VX
MIPUMEHSTIOT JIJISI HEJOIYIeHUsT 00pa30BaHusi YPE3MEPHBIX TEMIIEPATYp B
cucTeMaX. AKTUBU3AIUS 9TOM (QYHKIIMU MPOUCXOIUT MPU 06€CTOUNBAHUM.
CpabatbiBaeT BCTPOECHHDIN TePMOCTAT GE30MACHOCTH Ha OTKJIIOUEHUE CUCTe-
MBI TIUTAHUS ¥ BO3BPATHAS MIPY/KITHA IPUBOJA MOMEHTAJIbHO TI€PEKPHIBAET
kaanan. JlanHas GyHKIMs obecriednBaeT 3aKphITHE KJIaNaHa Jaxe B yCJo-
BUSIX BO3JEUCTBUSI 3HAUYUTEJHHBIX MepenafoB AasieHus. IIpuBomom 06e3
dyHKIKM 6e301TaCHOCTH, TIPH HEOOXOMMOCTH, MOKHO YIIPABJIATH BPYYHYIO
OJTHVIM ITOBOPOTOM PYKOSITKHU Ha BECH XO/I IIITOKA C BU3yaJIu3aliueii ero moJo-
JKEHUS.

[Tpu BBHIGOPE DJIEKTPOIIPUBOA CJIELYET OOpalaTh BHUMaHKWE Ha Pa3BU-
BaeMoe UM YCUJIHe, T. €. IPOTUBO/IEIICTBUE IABJIEHHIO TEIIJIOHOCUTEIS, TIepe-
JlaBaeMOTO Yepe3 MTOK KJalaHa Ha JBuraresb [62]. [l kianana ¢ Hepas-
IPYKEHHBIM I10 JABJIEHUIO 3aTBOPOM MAKCHMAJIBHO JOIYCTUMOE YCUJIIE HA
[IPUBOJL YKA3aHO B TEXHUYECKOM OMUCAHUU K KJIAMAHY U SIBJISETCS (PYHKIIU-
eil mepenaja AaBjeHus Ha KJalaHe ¥ YCJIOBHOrO auaMerpa kiamana. Ilo
STUM 3HAUYEHMAM HEOOXOIUMO OCYIIECTBIIATDH IIPOBEPKY padOTOCIIOCOOHOC-
T kianana. Eciiu nepenaz gaBieHst TeIIOHOCUTEIS TIPU 3aKPHITOM KJIara-
He He IPEeBbIIIAeT [OMYyCTUMOr0 YCUJIHMS HA 9JIEKTPOIIPUBO/, 3HAYUT, ITU
2JIeMEHTbI COBMecTUMbI. Eciin HeT, To ciieryeT mepes KJIalaHOM CHU3UTh
JIaBJIEHUE PETYJISITOPOM TepPenajia AaBIeHus, THO0 3aMEHUTD KJIAMaH Ha pas-

IPY’KEHHBII 110 JaBJIEHUI0. Y TaKOro KJalaHa KOHCTPYKTUBHO MUHIMU-
3MPOBAHO BJIMSIHUE JABJIEHUS TEIJIOHOCUTEJIST Ha 3aTBOP U, CJIeI0BATENb-
HO, Ha 9JIEKTPOIIPUBO/I. MaKCUMAIbHO [OITYCTUMOE YCUJIHE HA €T0 ITOKe
He 3aBUCUT HU OT Mepernaa AaBJieHus TeMJIOHOCUTeIsT, HU OT TUIIOPa3Me-

pa.
IIpu evibope anexmponpusoda ciedyem nposepsms €20 KOHCIMPYKMUBHYIO CO-
BMECMUMOCTL C PEZYIUPYIOUUM KIANAHOM U YNPasLaiousell ademomamuxou

(no muny cuenaia). Ckopocmv npusooa OOIHCHA COOMEEMCMEOBAMb UHEPULL-
OHHOCMU CUCMEMbL, 4 PA36UsaeMoe ycuuue — Obimb OOCMAMOUHIM Ol 3a-
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Kpovlmust Kianana.

6.11. HACOCHI
6.11.1. Oblme ceeaeHus

Hacoc siBiisieTcst OCHOBHBIM 9JIEMEHTOM BOJISTHOM WHKEHEPHON CUCTEMBI
spanust. Ero paboTa MOJHOCTBIO B3aMMOCBSI3aHa CO BCeM 0OOPYIOBaHUEM
CUCTEMbI, B TOM YHCJIe U 3aIlI0PHO-peryupyoleil apmarypoil. OT ux copme-
CTHOH paboThl 3aBUCUT 3(DPEKTUBHOCTH (DYHKIIMOHUPOBAHUST BCEH CHCTEMBI.
OcObBEHHO 9TO KacaeTCsl CUCTEM C MIEPEMEHHBIM THAPABIMYECKAM PEKUMOM,
Tlle PEryJupOBaHNE PACXOJOM TENJIOHOCUTEJS MPUBOIUT K U3MEHEHUTO
TU/IPABIMYECKUX W 9JIEKTPUIECKUX MTapaMeTPOB HAcOCA.

Ob6ecnedenne ahdEKTUBHOI pabOThI CUCTEMbBI PEHIAIOT HE TOJIBKO MPO-
M3BOJIUTENN 3aITOPHO-PETYJIUPYIONIEH apMaTypbl, HO U TIPOU3BOIUTETH Ha-
cocoB. Hacochl TIOCTOSTHHO COBEPIIEHCTBYIOT, WHOT/IA BOILIONIAs (DYHKIIUH
3aTIOPHO-PEryUPYIOIeil apMaTyphl. Tak, cerofiHs U3roTaBInBalOT HACOCHI
CIIBOEHHBIMH, C BXOJIOM ¥ BBIXOJIOM B OJHY JINHUIO, CO BCTPOEHHBIMHI € 00e-
WX CTOPOH MOBOPOTHBIMM 3aCJIOHKaMHW... Bce 9TO 3HAUMTENHHO yIpolaeT
y3J1b1 00BsI3KH HacocoB. COBpeMEHHbIE HACOCHI OCHAIIAIOT TaKsKe 9JIEKTPOH-
HBIMH PEryJIITOPaMu, aBTOMATUIECKH TTO/IEPKUBAIOIIMMU TpedyeMoe J1aB-
JIEHUE TETIOHOCUTEJIS 32 HUMH, YTO MMO3BOJISIET OTKA3aThCS OT MEPEITYCKHBIX

Hacocbl ¢ MOKpbIM POTOPOM Hacocbl ¢ cyxum poTopom
Puc. 6.61. O6wmi BUA HACOCOB
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KJIATIAHOB, YJIYYIIUTh PAGOTOCIOCOOHOCTD CUCTEMBI B TI€JIOM ¥ PETYJIMPYIO-
IUX KJIAMAHOB B YACTHOCTH.

Hexkoropble HacoChl 13 OOIMPHOTO MHOTO0OPa3ust TIOKa3aHbl Ha puc. 6.61.
Kasplit Hacoc BBITIOJIHEH € KOHCTPYKTUBHBIMU OTJINYMSIMU, HO B TO K€ Bpe-
M obsazaer OOIMME 3aKOHOMEPHOCTSIMH, KOTOPBIE CJEYeT YYUThIBAThH
1P TIPOEKTUPOBAHUH TEIJIOBBIX ITyHKTOB.

[TupKyJIAIIMOHHBIE HACOCHI ¢ MOKPBIM POTOPOM TPEOYIOT OTIpeIeIeHHO-
IO IPOCTPAHCTBEHHOTO PACIIOJIOKEHUST: OCh JIBUTATEJSI BCET/A JIOJIKHA OBITH
rOPU30HTANbHA JIUIs 00eCTIeYeHIs CMAuMBAEMOCTH OMBIBAEMOTO TEIIIOHOCH-
TeJeM TIOANMUITHUKA. Y TaKMX HACOCOB BCE YACTH, BpAIAIONIUecss BHYTPHU
MoTopa (POTop, TOANIHMITHUKN ), paboTaiOT B lIepekaunBaeMoii cpesie. Y HUX
OTCYTCTBYET CAJIILHUK M CKOJIb34IIlee TOPIeBOe YIIOTHEHUE, TIPUMEHeMbIe
IV yIioTHeHWs Baja. CMasKa MOANTUITHUKOB Bajla M OXJIaK/ICHUE YacTeil
MOTOPA OCYIIECTBJISETCS TIepeKaurMBaeMOii :KUAKOCTEIO. [loaToOMy OHI OueHb
TpebOBaTENbHDBI K KAYeCTBY TEIJIOHOCUTEJISI. B3BellleHHbIe YaCTHUIIbI B BOJIE
(TIecok, OKaJIMHA) SABJLIOTCS TMPUYMHON 3aKJIMHUBAHNS Baja IBUTATENS, U
HACOC [IPU 9TOM MOKeT cropeth. [lepea Takumu Hacocamu obstzaTesibHa yc-
TAHOBKA CeTYATHIX (DUIILTPOB.

Yactb MOTOpPa, HAXOALIIASCS [10]] HANIPsKeHreM (cTarop ¢ 0OMOTKOI),
pasMeliieHa B MOTOPHOM OJIOKE ¢ KOJKYXOM ¥ 3allUIIeHa OT, TaK Ha3bIBAEMO,
MOKPOI TIOJIOCTH PA3/AETUTEIbHBIM CTAKAHOM C KOJIBIIEBBIM YIIJIOTHEHUCM.
Kpowme Toro, 1BUTaTEIb CIIEIUATBHO BBITTOIHSAIOT C TOHUKEHHBIM K.I1.JT., 4TO-
ObI IIPU 2JIEKTPOIIPOOOE ero 0OMOTKHU He IPOU3OIILIO PACILIaBIeHIE DJIeMEH-
TOB HACOCA, U TEM CaMbIM 4€JIOBEK ObLJI 3aIUIIEH OT MOPAKEHUST ATIEKTPUYe-
ckuM TOKOM. TakuM 06pa3oM, y HACOCOB ¢ MOKPBIM POTOPOM MPEUMYIIECT-
BEHHOE BHUMAHUE YJIEJIEHO 3JIeKTPOOE30MaCHOCTH, YeM K.ILJI.

XapakTepHbIM OTJIMYNEM HACOCOB C MOKPBIM POTOPOM SBJISETCS OTCYT-
crBue pebep Ha HAPY/KHON MOBEPXHOCTH JBUTATEISI U BEHTUJIATOPA OXJIAK-
JIeHUS. ITU HACOCHI MAJIOITYMHBI M MOTYT TIPUMEHATHCS B TETJIOBBIX MTyHK-
Tax, FPAHUYAIINX ¢ OOCTYKUBAIOIIUMI TIOMEIEHUSIMU U Jlaske B HuX. OjiHa-
KO TaKUe HACOCHI TIOKA HE MEPEKPHIBAIOT BECh HEOOXOAUMBIN [THANIA30H TH/I-
PaBJIMYECKUX TTAPAMETPOB CUCTEM WHKEHEPHOro obecriedeHust 3[aHuii 1,
KpOMe TOTO, UMEIOT MEHBIINH K.IL.JI., YeM HACOCBI C CYXUM POTOPOM.

Hacocsl ¢ cyxuM poTOpOM BBITIOJIHEHBI ¢ MOTOPOM, KOTOPBII HE COTIPHU-
KacaeTcsl ¢ IepekaynBaeMoil cpefoil. Mexay yJIuTKON Hacoca M 3J1eKTpo-
JIBUTaTesieM BCer/la ecTh YIJIOTHeHUe, HallpuMep, 'CKOJIb3dlee TopiieBoe”.
OHoO cocTOUT, ecyii pacCMaTpUBATDh YIPOIIEHHO, U3 JIBYX KOJIEIl C 0YeHb TOY-
HO OTIIOJIMPOBAHHBIMU MOBEPXHOCTAMU. [IpysKnHa nmpukmMaeT UX JApyT K
JPYTY, U OHU BPAIIAIOTCS PYT OTHOCUTEBHO JIpyTa npu pabore Hacoca. Tak
KaK BOJIa B OTOIUTEJIbHOM KOHTYPE HaXO[UTCA MOJ] IOBBIIICHHBIM /IAaBJICHUEM
110 CPAaBHEHUIO ¢ OKpY:Katolieii arMochepoii, MeKy MOBEPXHOCTSIMU CKOJIb-
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JKeHUst 00pasyeTcst TOHKas IJIeHKa Bojibl. OHA TepMETU3UPYET HACOC MIPU €T0
pabore. Kosblia M3rotaBauBaioT 06bIYHO M3 arJiOMepUpPOBAHHOTO yriist. [[Jis
paboThl B CJOKHBIX YCJIOBUSAX — U3 KEPAMUKK MJIM HEPKABEIOIel crasim.

XapaKTepHbIM BU3YaJIbHBIM OTJIMYNEM HACOCOB € CyXUM POTOPOM ABJISI-
eTCs HaJW4Me KPBIIIKKA B TOpIE JABUTATEJS, 11O KOTOPON pacIosoxKeHa
KPBLIbYATKA BEHTUJISATOPA, TIPOTOHSIONIEr0 BO3/YX BI0JbL pebep Ha Kopiryce
nBuraresis. JlBuratesn npuMeHsIOT 0ObIYHbIe TPEX(hA3HBIE ¢ TTOCTOAHHBIM
OCHOBHBIM 4HCJIOM 060poTOB. Hacochl ¢ cyXum poTtopoM MeHee TpebOBa-
TeJIbHBI K MOHTAKY M KauecTBY TEIJIOHOCUTEJA. EMUHCTBEHHO HEAOIYCTH-
Moe TIOJIOKEHUE Hacoca — MOTOPOM BepTH-
KaJIbHO BHM3, UTO CBA3aHO C BO3MOKHBIM T10-
MajlaHueM KOHJIEHCATa B BEHTUJIATOP U KJIeM-
MHUK MOTODA.

Hacocam ¢ cyxuM poTOpOM MpHUCYI
60T KOI(DPUIMEHT IOJIE3HOTO IeHCTBUS
u 60bIMii cosaBaeMblii myM. VX ycraHas-
JIMBAIOT 32 MpejieiaMi 00CTy:KUBAeMBIX TToMe-  Puc. 6.62. BubposcTasku
meHuit u gaxe 3panuii. [lloncoeanH4gioT K Tpy- AaHdpocc
6ompoBozaM cucTeM depes TuOKue BHOPO-

BCTaBKH, TTOKa3aHHbIe HA pUC. 6.62. ITU BCTaBKU NPEAOTBPAIIAIOT ITepeaady
MeXaHUYeCcKOoi BUGpaIyu 1o TpyGoIpoBoiaM, YCTPAHSIIOT PaclipocTpaHeHne
myMa, B Tpeesax coOCTBEHHOU jedopMaliiil KOMIIEHCUPYIOT JIMHEHHOe
TEIUIOBOE YJIMHEHNE TPYOD, ABJIAIOTCS SIEKTPUUECKUM U30JATOPOM. Bbimo-
HSIIOT BUOPOBCTABKH U3 TIOJIUXJIOPOIIPEHOBOI PE3UHDI B BH/IE TOYPUPOBAHHO-
ro matpyOKa ¢ 4yryHHbIMEH MybTaMu JuO0 CTaIbHBIMU (hIaHI[AMU HA TOP-
nax. OpHako Hasmune BUOPOBCTABOK M BUOPOOCHOBAHUN JIJIST HACOCOB He

BCEr/Ia SIBJISIETCST IOCTATOYHON MEPOU 3aIUTHI CHCTEMBI OT IIIyM00OPa30-

Banwust. [Ilymoo6pasoBaHue 3a4acTyi0 BOSHUKAET IIPH HEKOHTPOJIUPOBAH-

HBIX M3MEHEHUSX THAPABINYECKUX TTapaMEeTPOB CHUCTEMbI, TPOUCXOJIS-
IUX U3-32 HETIPABUJILHOTO Moa60pa 060pyA0BaHUST, B TOM YUCTIE M PETYJIH-
PYIOIIMX KJIAIAaHOB TEIIOBOTO TIYHKTA, a TAaKyKe HAJTMYUSA KIUCJI0PO/ia B BOJIE,
MaJIoTo U3OBITOYHOTO JIABJEHUS MIepPejl HACOCOM...

L]
/ CE
()

Koncmpyxmuenvie ocobennocmu Hacocos onpeoeisiom ux pacnoiojcenue u
06853KY.

6.11.2. WymoobpasoBaHue cUCTeMBI

VcTOuHUKOM 1TyMOOOPa30BaHUs CUCTEMBI € TIEPEMEHHBIM THIPABJIYEC-
KUM PEKUMOM MOJKeT ObITh KaK HACOC, TAK U JII000#T ee 3JIeMEHT, CO3/AONTHIA
MeCTHOE TH/IPABJINYECKOe CONPOTUBIEeHNE TermoHocuTess. Ha puc. 6.63 nipen-
CTaBJIEHbBI XaPAKTEPUCTUKU HEPETYJIUPYEMOTO HACOCA: XaPAKTEPUCTUKA HACOCA
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Puc. 6.63. M3meHeHue napameTpoB Hacoca npu paboTe CUCTEMbI OTOMAEHMS:
1 — XapakTepucTuka Hacoca,; 2 — xapaKTepucTMKka CUCTeMbI B PACHETHOM pe-
KMMe; 3 — XapakTepucTuka CMCTEMbI MPH OTKPBITbIX TEPMOPEryASITOpax

AP, = f(V), kaButanmonnas xapakreprictuka NPSH (Net Positive Suction
Head — abcosmoTHbIiT Hallop Ha BXOJIE), XapaKTeprcThKa MotHocTd P2 = f(V)
1 K0a(hOUIMEHT TI0JIE3HOTO JIeNCTBUS, yKa3aHHBIN B TIpoTieHTaX. Bee aTn mapa-
METPBI 3aBUCST OT PACXO/IA TETIIOHOCUTEIS, I3MEHSTIONIETOCST B TTpoiiecce pabo-
TBI TEPMOPETYJISITOPOB Y OTONUTEIBHBIX TIPHOOPOB, KOTOPbIE MOTYT HE TOJIBKO
3aKPbIBATHCS, HO U OTKPBIBATHCS OTHOCUTEIBHO PACYETHBIX YCTIOBHIA.

IMoxbuparT HACOC 1O PACYETHOMY PACXO/Y U TTIOTEPSIM JaBJICHHS B CUC-
TeMe MPU YACTUYHO 3aKPBITBIX TEPMOPETYJIATOpax. [IpoeKTHBIM ycIoBUSIM
COOTBETCTBYET paboyast TOUKa A Ha IepecedeHnd XapaKTepruCeTHK Hacoca 1 u
CHCTEMBI 2, TIPH 9TOM Hacoc paboTaeT ¢ MaKCUMAIbHBIM KOd(DMUIIMEHTOM
MMOJIE3HOTO JIEHCTBYSI, PABHBIM TIPUMEPHO 72 %.

B mporiecce oTKPBIBAHUS TEPMOPETYISITOPOB N3MEHSIETCS XapaKTepuc-
THKa cucteMbl. OHa 3aHMMAET MOJIOKEHIEe, COOTBETCTBYIOTIee KpuBoii 3. Ec-
JIFL TEPMOPETYJIITOPBI Y OTOIMUTEBHBIX TIPHOOPOB OBLIN 3alIPOECKTUPOBAHBI €
obmum aropureroM 0,7 [5; 18], To oxumaeMoe yBeandyeHHE MOTOKA
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(CM. BEPXHIOIO YaCTh PUCYHKA) /10 TOUKM B He GyjgeT JOCTUTHYTO U3-32a
KPUBU3HBI XapaKTepucTuku Hacoca 1. PeasmbHoe yBesimyenne pacxozia Temio-
HocuTesist cootsercTByeT Touke C. [IpubaMsuThest K 9TOI TOUKE MOKHO TIPH
UCIIOJIb30BAaHMK Hacoca ¢ GoJiee MII0CKON XapaKTepuCTUKOM.

ITosioskenre KpUBOii 3 COOTBETCTBYET HKCILIyaTallMOHHOI paboTe cu-
CTEMBI OTOILIeHUsI. PaccMOTpeHre 3TOro pexkuma paboThl ellle He CTalo
noBceMecTHbIM. Ero ciaenyer
ONPEJIENIATD 10 OOIEMY aBTOPH-
TETy TEPMOPETYJIATOPOB OTOIIHN-*"T:
TeIbHBIX 1pH6OpoB. Orpanuye- e yARNIY
Hue obmero asropurera 1o 0,7
1npenoTBpamaer paboTy Hacoca
3a TIpesiesiaMu paboueii xapakTe- / [
PUCTUKU W MCKJIOYAET IMOsiBJIE- / AL/
HUE KaBUTAIUU, JaeT BO3MOXK-
HOCTb OIIpe/ieJIeHUs MaKCH-
MaJIbHOU CKOPOCTHU TEILJIOHOCH-
Tensa B TpyOOIPOBOAAX U OC- Ay
TQJIBHBIX 2JIEMEHTAX CHUCTEMBbI
UL TIPOBEPKU Ha 66CHIyMHOCTb. 45 7 10 20 30 4050 70 100 200 300 500 600 700 G.krfu

3akpbIBaHue TepMOperyJis-
TOPOB IPUBOJIUT K BO3PACTAHUIO
nepenazia JaBjieHnusd Ha HUX 10
touku D (puc. 6.63). IToT nepe-
naji He TOJIKEH CO3/IaBaTh IIIyM B
3aropHO-peryaupyioiieii apmarype. IIpenesnbHble 3HadeHus mepenaga 1aB-
JIEHUS, IPU KOTOPOM CO3/Ia€TCs TITyM, YKa3aHbl IIPOM3BOIUTEIEM B TEXHUYE-
CKOM OIMcanuu Ha kiaananbl. Tak, y repmoperysisitopoB RTD-N15 on orpa-
HUYEH TYHKTUPHOU JIMHUEH HA TUAPABINYCCKUX XapPaKTEPUCTUKAX U 3aBU-
CHT OT TIPEIBAPUTEILHON HACTPOIKH zipoccenis (puc. 6.64)[64]. C yBennuennem
HACTPOMKU YMEHBIIAIOTCS OMYCTUMBbIE TTEePETIaibl IaBJICHUS.

ITpoeKTHPOBATD TEIJIOBON MYHKT CJIEAyeT TaKUM 00pa3oM, 4ToObI pu
paboTe CHCTEMBI OTOIJIEHUs He OBIIO MPEBbINIEHIs TPAHUIILI ITYMOOGPaso-
BaHUS aPMAaTyPbI HE TOJIBKO B PACUETHOM (CTaTUYECKOM ) PEKUME, HO U B /U~
HAMUYECKOM pexkume. /st 3T0ro HeOOXOAUMO OIPEAEUTh BO3HUKAIOTIEE
MaKCHMaJIbHOE JIaBJICHUE TEIIOHOCUTEJIS B CUCTEME TIPU MUHUMAJILHOM €TO0
pacxojie.

OripesienisiioT 1aBjieHue B CUCTEME € TEPEMEHHBIM TH/IPABINYECKUM Pe-
JKUMOM TIPU HYJIEBOM PACXO7i€ B 3aBUCHUMOCTH OT NMPUHATBIX TEXHUYECKUX
pemienuii. Ilpu ycraHoBKe TepeMblueK ¢ TEPelnyCKHBIMU KJallaHAMH, 9TO
JIaBJICHE TTPUMEPHO PaBHO aBTOMATUYECKHU TIOJIEPKUBAEMOMY JIABJICHUIO

RTD-N15 1 2 4 567N
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Puc. 6.64. Xapaktepuncrmka Tepmopery-
agtopa RTD-N 15 no wymo-
obpa3oBaHuio
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%

Puc. 6.65. XapakTepmuCT1Kn HAaCOCOB: @ — CO CTYTeHYaTbiM PEryAMpOBaHmem
AaBAeHMsI; 6 — C MOCTOSIHHBIM EPEraAomM AABAEHMS; B — C MPorop-
LIMOHAAbHBIM M3MEHEHNEM AABAEHMsI; I — C MOCTOSIHHO-MPOMNop-
LIMOHAaAbHbIM MEPENAAOM AABAEHMS; A — C MAPANEAbHBIM M3MEHE-
HHEM AQBAEHMS

Ha niepeMbluke (cM. puc. 2.4). IIpu aTOM TIPOUCXOUT cpe3Ka BepXHEl YacTh
XapaKTepucTUKU Hacoca (cM. puc. 6.43), 4To B HEKOTOPOI CTENEeHN OrpaHu-
YMBaeT BO3pacTaHue JaBJieHus B cucrteMe. [opaszio aydnmii crnocod — npu-
MEeHEHHE HACOCOB ¢ (PYHKI[NEH KOHTPOJIA JaBIeHU. XapaKTePUCTUKU TAKUX
HACOCOB TI0Ka3aHbl Ha puc. 6.65.

MaxkcuMaIbHbBII 1epenaj JaBieHns, BOSHUKAIOIINNA B cucTeMe, 0603Ha-
yeH Toukoil D. OH He J0/KeH MpeBbIaTh MAKCUMAJIBHO JIOIYCTUMOTO T1e-
pernajia JaBJjeHus Ha 3aII0PHO-PEryJIUPYIOIIell apMarype, UCXO/sd U3 yCJIo-
BUli ee GecuryMHON paboThl.

B macocax co cryreH4aThIM PeryJiupoBaHUEM YacTOThI BPAIEHUS IPO-
HUCXOIUT CTYIEeHYATOe M3MeHEeHIe BHEIIHEr0 aBTOPUTETA PETYJUPYIOUIIX
kyarnanoB [43]. C yMeHbIIIeHHeM YacTOThI yBEJIUYMBACTCS BHEITHUI aBTOPU-
TET KJIAMAHOB, T. €. X XaPAKTEPUCTUKU CTPEMSATCS K TIPOTIOPIUSAM MTOTOKO-
pacripezie/icH1s1, 3aJI0KEHHBIM TIpon3BoinTesieM. OHAKO BO3HUKAET CKay-
K0OGpa3Hoe repepacipesiesieHre MOTOKOB MEK/IY PETYJIHPYEMbIMU yIaCTKA-
MU, 4TO HEe JIy4ITuM 00pasoM OTpaxkaeTcsl Ha THAPABINYECKOM PEKUME CUC-
TEMBI, IOATOMY TaKKe HACOCHI IPUMEHSIIOT B HEOOJIBIIUX CUCTEMAX.

lopasmno syuriiee B3anMoeiicTBUE € PETYJIUPYIONMMU KJIATTAHAME Y Ha-
COCOB C aBTOMATHYECKUM OECCTYIIEHYATBIM YIIPABJICHUEM Tleperia/ia aBiie-
uust. OHU TIOJZIEPKUBAIOT IOCTOSTHHBIN Harmop Hacoca (puc. 6.65,60), yMeHb-
maroT ero Jimbo Ha TOJOBUHY TI0 TIPOTIOPIIMOHATbHOMY 3aKoHY (puc. 6.65,8),
b0 Ha OJHY YETBEPThH 10 MOCTOSHHO-NPOMOPIUOHAIBLHOMY 3aKOHY
(6.65,1), 60 MapasIeabHO XapakTepucTrke cucteMbl (puc. 6.65,1). Mame-
HeHle BHEITHUX aBTOPUTETOB PEryJIUPYIOMIUX KJIATIAHOB IIPU 3TOM MPOKC-
XOJIUT TIJTABHO JIMGO OCTaeTCst Ha TIPEKHEM YPOBHE.

YeraHoBKy criocoba peryJmpoBaHust OCYIECTBIAIOT Ha TTAHE M yIpaB-
JIEHUST KJIIEMMHOH KOpoOKU Hacoca. IIpu aToM 3a/[a10T HOMUHAJIbHOE 3HaUe-
HUe HAIlOpa HAcoca, PABHOE TIOTEPSIM JIABJIEHUsI B CHCTEME.

Kpome ykazaHHBIX CIIOCOOOB PETyJInpOBaHust, IPUMEHSIOT TAaKKe aBTO-
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MaTUYeCKOe PeryJMpOBaHME HAIIOpa HACOCA C YUYETOM TeMIIepaTypbl BOJIBL.
Peasnusyior ero B cucteMax ¢ iepeMeHHBIM THAPABINYECKUM PEKIMOM TIPU
CKOJTb34IIel TeMIlepaType Ha BXOJI€ U B CUCTEMaX € TIOCTOSHHBIM PACXOJIOM.

Hacocsl ¢ aBroMaTudecKuM GECCTYIIEHYATHIM PETYIUPOBAHUEM 9KOHO-
MT 110 50 % snexrposueprun. Jomnonnurenbbiii abdeKT 10 25 % mosydaior
3a CYeT ONTUMU3AINHU TTOTPEOJISIEMOIT HACOCOM 3JIEKTPOIHEPTUH TIPH MAJION
HarpysKke CHCTeMbl, HAallpPUMep, TIPY CHUKEHUN HArPy3KU CUCTEMBI PeryJis-
TOPOM TETJIOBOTO ITYHKTA T10 TIOTO/THBIM YCJIOBUSIM.

ABTOMaTHUECKOE PEryJMPOBaHUE HACOCAMU OCYIIECTBISIOT YaCTOTHDI-
MU ipeoGpaszoBaressiMu. Y HeOOIbIINX HACOCOB OHM PACTIOJIOKEHBI Ha KOP-
myce. Y GOJIbIIMX — BBIIOJHEHb! B BI/IE OTAEIbHBIX OJIOKOB. Peannsyemblit
MUKPOTIPOIIECCOPOM CIIOCO0 PEryJIMPOBAHUS PACTIPOCTPAHSETCS HA CHCTEMY
B 1I€JIOM U MOJKET HE COBIA/IATh C IEHCTBUEM OT/IETBHO B3ATBIX TEPMOPETY-
JIITOPOB Y OTOTUTEJNHHBIX TIPHOOPOB, TIOITOMY CAMBIM JIYUIIIUM CIIOCOOOM
VIIPaBJIeHUS JJABJICHUEM B CUCTEME ABJISIETCS aBTOMAaTHYECKOEe PEryInpoBa-
HUE HACOCOM BCEll CMCTEMBbI COBMECTHO C aBTOMATUYECKUMU PETYJIITOPAMU
NPSAMOTO IECHCTBYS, YCTAHABIMBAEMBIMU Ha CTOsIKAX (MPUOGOPHBIX BETKAX),
60 y3max 0OBSI3KU TEII00OMEHHBIX MPUGOPOB.

PerysisiTopbl niepernaja JaBieHusi 00eCednBaOT MOCTOSTHHBIN MIEPeraj
naBaenus Mesxty Toukamu D u D ipu Beex peskumax paboThI TEpPMOperyJisi-
TopoB (Ha puc. 6.66 BbleseHO 3aTeMHEHHOI 30HO0I ). [Ipn aTOM XapakTepu-
CTUKA CONPOTUBJIECHUS CTOSKA GO npubGopHON BeTku (0bo3HAYEHA TIYHK-
TUPHOI KPUBOIT) 06pPa3OBbIBAET OTAEIBLHYIO MOJACUCTEMY U U3MEHSIET CBOU
napamMeTphl B OTHOCHTE/ILHOM crcTeMe Koopannat AP u V. DTa cuctema Ko-
opAMHAT ipeidyeT 1Mo XapaKTepUCTUKEe HACOCA, YMEHBIIEHHOH Ha aBTOMa-
TUYECKU MOJIEPKIUBACMBIN PETYIATOPOM Tiepena faBienus. Havano otHo-

AD

Puc. 6.66. CoBmecTHast paboTa aBTOMAaTUHECKOTO peryAsitopa rneperaaa Aas-
AGHMSl Ha CTOSIKE M FOAOBHOIO HACOCa: @ — CO CTyreH4aTbiM pery-
AMPOBaHNEM AaBAeHMsI; 6 — C MOCTOSIHHBIM MEPErasom AaBAEHMS);
B — C MPOIMOPLMOHAAbHBIM M3MEHEHMEM AABAGHMS, I — C NOCTOSIH-
HO-NPOMNOPLMOHAAbHBIM MEPENAAOM AABACHUS; A — C MapParieAb-
HbIM M3MEHEeHUeM AaBACHNS

CUTEJIbHOU CHCTEMBI KOOPJIMHAT PACIIOJIOKEHO B TOUKE ME€PeceYeHrs CyM-
MapHOW XapaKTEepUCTHKU crcTeMbl (0003HaYeHHOW JMHHWEH M3 TOYeK) U
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YMEHbBIIEHHOM XapaKTepPUCTUKU Hacoca. [Ipu MpoeKTUpOBaHUN HEOOXO/IH-
MO, 4TOOBI TIepernaj JaBieHust Meskay Toukamu D u D He mpeBbIiial 1o1ry-
CTHUMOTO Tlepena/ia JaBJeHns 110 NIyMy Ha TepMOperyJisiTopax.

AHaJIOTUYHbIE TIOJIXO/IBI OTIPe/IeIeHUS MAKCUMAJILHOTO JlaBJie- ~
HMS1, BO3HUKAIOIIEro Ha TEPMOPETYJISTOPAX Y OTONUTEbHBIX ITPH- B o
GOPOB, TIPUMEHSIIOT JIJIsI CYMMAPHbBIX XaPAKTEPUCTUK TTaPAJLIETbHO =
60 MOCJIEI0BATEIBHO COEIMHEHHBIX HACOCOB. ~Y

ITIpumep 6.15. 3anpoexmuposana cucmema omonienust. luopasnuueckui
pedxcum cucmemvl — nepemennviil. Cucmema sepmuxaivias (Co cCmosKamu).
Koagppunuenm mecmrozo conpomusnenus 106020 snemenma cmosaxa (mpoti-
Huka, omsoda Ha 90°, Komnencamopa IUHeUH020 YOIUHEHUSL, OMONUMEILHO20
npubopa, OMKIOUANWE20 KIANAHA CMOSKA U M. 0.) He NPEesbiulaem SHaueHue
15. Ilepenad daenenust 6 cucmeme pasen 30 xIla u ozpanuuen nepenyckHvIM Kia-
NanoMm Ha nepemviuxe y nHacoca. Tun npumensemvix mepmopezyisimopos y om-
onumenvhvix npubopoe — RTD-N15. Pacuemnvie (Homunaivhvie) ckopocmu
menjioHocumens Ha yuacmrax mpyoonposodos Vy = 0,4...0,6 m/c.

Heo6x00umo npoananusuposams meniogoi nynkm na 6ecuuymMmocmy pa-
GomovL cucmemvL OMONACHUS.

RTD-N15 1 2

4 567N Pewenue. Ilo nopmamusy
7 [67] onpedensirom Odonycmumoiil
/ YPOBEHb WYMA 8 JHCUTHIX NOMeEUe-
SrgrpeEn  nusx. On pasen 30 dB(A).

IIposepsiiom cucmemy na 6ec-

WYMHOCIb 8 NOMEWEHUSIX N0 Pa-
bome mepmopezyismopos y om-
ONUMENLHLLY NPUOOPOE.
7 ITo xapaxmepucmure mepmo-
pezyasmopa RTD-N15 na 6ec-
wymnocms npu 30 dB(A) onpede-
AS0M 0ONYCMUMOE MUHUMATLHOE
npedenvioe 3nauenue nepenaa
dasiaenust. Ono coomeememsyem Hacmpotike Opoccensi 8 nojoxcerue N u pasro
npumepno 27 xlla (cm. no 20pu3onmanvroil cmpenxe).

Honyuennvie 27 xlla menviue nepenada 0asieHus 6 CUCMeEME, 0ZPAHUUECH-
HO20 NEPeNnYCKHbIM KIAnarom 6 meniosom nynxkme na yposue 30 klla. Odnaxo,
npu 3axpuisanuu 60IbUEN YaAcmU MEPMOPEYAAMOPOE HA OCMABUUXCS YEe -
uusaemcs nepenad dasienus 0o 30 klla, wmo moxcem npusecmit K 0OPA306AHUIO
wyma, npegviuiarowiezo donycmumvlii yposenv 30 dB(A). 3nauum, ycrosue no
obecneueniio 6ecuymMnoll pabomvl CUCEMbL OMONICHUS He BLINOIHEHO.

N
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IIposepsiiom cucmemy Ha wymoobpaszosarue mpyoonposodos. Onpedensi-
1M MAKCUMATHHO BO3MONCHYIO CKOPOCT® MENIOHOCUMENSL 8 CUCTNeMe NPU O -
kpomolx mepmopezyasmopax RTD-N15 nymem yseauuenusi ¢ 1,5 pasa [5; 18]
pacuemnotl ckopocmu menionocumens Vy. Tozoa

Vpax = 1,5 % 0,4...0,6 = 0,6...0,9 1 /c.

Cpasnueaiom noiyuenole SHaUeHus. ¢ HOPMAMUCHOU MAKCUMALLHO 00Ny -
cmumol ckopocmuro mennonocumens. Tax, nanpumep, no nopmamugy [67]
npu sHauenul Kospuuuenma mecmuulx conpomusienuti 0o 15 u donycmu-
MOM dKeuearenmuom yposue seyxa no wymy 30 dB(A) donycmumas cxopocmo
mennoHocumens 6 mpyoonposode npu Haiuuuu na wem senmuis pasna 1,0 m/c
(mabn. 6.4). HockorvKy 3HaueHue Vpyax MEHLUE NOIYUECHHO20, TO YCIOBUE
becuymnocmu mpyoonposo00e GuiNoJIHEHO.

Taxum 06pasom, 6 cucmeme ne 6OHUKACT WYM NPU OMKPbLBAHUU TNEPMO-
Pe2YNImopos U MONCEeM BOSHUKHYMb UYM NPU UX 3AKPLIBAHUU. Yempansi-
10m amo b0 cHudNceHuem nomeps 0asieHust 8 cucmeme, ubo YcmanoeKoil
ABMOMAMUYECKUX DeYJSmOopos nepenada 0asieHus Ha cmoskax (npu-

OOPHBIX BeMKAX) CUCTNEMbL OMONJCHUSL.

Paccmampusams cucmemy no yposwio wymoobpazosanus ciedyem npu 3a-
KPOUMbLX U NOJIHOCTBIO OMKPLIMbIX MEPMOPELYLMOPAX Y OMONUMETOHBLY
npubopos.

6.11.3. LIMpKyAsLMOHHOE AaBAEHME Hacoca

ITupKyJisiiiist TEMIOHOCUTEIST B TPYOOIPOBOIAX CUCTEMbBI OTOILJIEHUST
coszaercst paboToii Hacoca. Bo BpeMst IMPKYJIAIMN TPOUCXOUT U3MEHEHUE
TEMIIEPATYPBI TEIJIOHOCUTEISI, COTIPOBOK/IAIONIEECS BOBHUKHOBEHIEM T'Pa-
BUTAIIMOHHOTO (ecTecTBEHHOro) AaBienus. EctecTBennoe nasienue AP,
TaK JKe KaK U pa3BUBaeMoe JlaBjieHue Hacoca AP, sBJsieTcs: mo0yauTeneM
NBUKEHUS TersioHocuTesst. Hanpasienus ux geiicTBUsS Ha HOTOK MOTYT CO-
BIalaTh JO0 He COBIAaTh. ITO 3aBUCHUT OT PACIOJIOKEHUS TEIIO0OMEH-
HOro mpubopa Mo OTHOIIEHUI0 K UCTOYHWKY TerioThl (puc. 6.67). Eciu
[IEHTP OTOMUTENLHOrO Mpubopa uin Kamopudepa BbIlIe TEHTPA TEII000-
MEHHUKA UJIM TOYKU CMENIMBAHMS TEIJIOHOCUTES B TEIJIOBOM IYHKTE, TO
HaTpaBJeHue IUPKYJUi coBnanaer. EcrecTBeHHOE aBjeHue IpU 3TOM
CO3/aeT TOJIOKUTETbHDII OMOJHUTEIbHbIN d(DhEKT 1151 ABUIKEHIS TeIIo-
HOCHUTEJISL, TIOATOMY TIPU BIGOPE HACOCA €70 HATIOP HEOOXOIMMO YMEHBIITHUTh.
Ecom nentp oronmrenbroro npubopa mubo xkamopudepa HUXKe [eHTpa Terl-
JI00OMEHHUKA, TO HAIIPABJIEHNE IIMPKYJISAIMI He coBIazaeT. B atom ciyuae
BO3JIENICTBIE €CTECTBEHHOTO [IABJIEHUS SIBJISIETCSI OTPUIIATEIBHDIM, T. K. TIPO-
THBOJIEHCTBYET JIBUKEHHUIO TEIJIOHOCUTEJIsI, U HAIOP HAcOca HEOOXOAMMO
yBesmuuTh. Takum 06pasoM, IaBJieHre Hacoca IPU ero TT000Pe MOKET ObITh
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YMEHbBIIIEHHBIM UJIU YBEJIUYECHHBIM Ha JIOJII0 YUUTBIBAEMOTO €CTECTBEHHOTO
JIaBJICHUS

AP,=1,1..1,15 AP + BAP,, (6.33)

rre 1,1...1,15 — xoacburmenT 3araca Ha HeyuTeHHbIE OTEPH IUPKYIISIUOHHOTO
nasJienus [72]; AP — notepu 1aBJieHUs] B OCHOBHOM IIUPKYJISIIIMOHHOM KOJIb-
1le CUCTEeMbI OTOILJIeHUsT; b — TONpaBOYHbI KOA(DOUITNEHT, YIUTHIBAIONTUI
M3MEHEHUE eCTECTBEHHOTO /IaBJICHUS HA TIPOTSIKEHIUT OTOITUTEILHOTO TIepH-
0j1a TIPU Pa3HBIX CIIOCOOAX PETYIUPOBAHMSI.

2

T,

Puc. 6.67. BAMsiHWe eCTeCTBEHHOIO AABAEHMS TEMAOHOCUTE-
Al B CUCTEME OTOMAEHUSA: a — CoBraAauuee; 6 —
HecoBriaaamolee; B — B3aMMOKOMIEHCHPYIOLLEE;
1 — UeHTp HarpeBa TENAOHOCUTEAs;, 2 — LEeHTP
OXAQXKAEHMSI TEMTAOHOCUTEAS

B pannom ypaBHeHMHM 3HAK MUHYC IMPUHUMAIOT TIPU COBIAJEHUH Ha-
[paBJIeHUs ecTeCTBeHHON (Ha puc. 6.67 o6o3HaUeHa TYHKTUPHOI CTPEJTKOIN)
U HACOCHOI# (0603HAUEHA CITIONTHON CTPEJIKON ) IUPKYJIAIMU, 3HAK TTI0C —
[IpU HeCOBMaleHu . B crucremMax ¢ B3aMMOKOMIIEHCHPYIOIIUM JIeHCTBUEM 3HAK
MPUHUMAIOT TI0 TIPEOOIAAIONIEMY HATPABJIEHHIO ECTECTBEHHOTO JABJICHYS.

EcrectBennoe napiienue n3MeHsIeTCsl HAa TIPOTSIKEHUM OTOMUTEIBHOTO
nepuojia. Ha aTo pearvpyior TepMOperyJisiTopbl, yBeJIuunuBast 6o yMeHb-
1masi COMPOTUBJICHUE CUCTEMBL. ¥ CTPAHUTD BJIMSHUE €CTECCTBEHHOTO JlaBJie-
HUS Ha TEPMOPETYJISITOPBI MOKHO B JIBYXTPYOHBIX CHCTEMAX € TOPU30HTAIIb-
HBIMM BeTKaMu. J[jig 3TOro B MecTax mpucoeMHEeHUs BETOK K pacipeiesiu-
TEJIbHBIM CTOSIKAM YCTAHABJIUBAIOT ABTOMATHYECKIE PETYJISITOPBI Mepenaia
napierns. OHM BOCIPUHUMAIOT Ha ceOs M3MEHEHUe eCTECTBEHHOTO JIaBJie-
HUS, TOJJIEP>KUBAs HA TEPMOPETYJIATOPAX MOCTOSIHHBIH 1eperaj JaBJIcHMS.

B HekoTOpBIX cTpaHax /it yMEHbIIIeHUsT BIMSHUS eCTeCTBEHHOTO JIaB-
JIEHUs CHUZKAIOT Ieperaj; TeMIepaTyp TeIJIOHOCUTENSI B CUCTEME, OJIHAKO
[PU 9TOM YBEJIMYMBAETCA KPUBU3HA XapaKTEPUCTHKKM TElI00OMEHHOTO
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npubopa. B pesysbrare yiydiiaercs rugpapindeckast CrabuibHOCTh CH-
CTEMbI, HO YXYIIAETCsS PEryJupoBaHue TernnooOMeHHbIX npubopos. B
JIPYTUX CTPaHaX OTHAIOT TPEANOYTEHUE BBICOKUM IeperajaM TeMIiiepa-
Typ Teronocutess. Kaxkpiii u3 101X0/10B UMeET CBOU TIPEUMYIIECTBA 1
HeoCcTaTKU. I1aBHoe IPK 9TOM — 06ECIeYnTh TEIIOBOH KOMMOPT B II0-
MelleHUU TP MUHUMYMe 3aTpaT 3HepropecypcosB.

Brusinue ecmecmeeniozo dasnenus menionocumens Heobxo0umo ouenumo
U NPU HEOOX00UMOCTIU YUECTD 6 UUPKYAAUUOHHOM OABLEHUU CUCTIEMbL OMO-
nJeHUs..

Yempanenue enusnus ecmecmeeniozo 0asienus na 2uOPAGIULECKULL PEHCUM
CUCTEMbL OMONAEeHUS OOCTNULATOM YMEHLULEHUCM TNEMNEPAMYPbL MENIOHOCU -
meist, NPUMEHEHUEM ABMOMAMUYECKUX PeZYLSMOPO8 Nepenaa Oasienus. iu-
60 pacxooa.

3asvluenue Hanopa nacoca ons YMeHvllerus dosi ecmecmeenozo 0asieHus men-
JIOHOCUMELSA ABIISCIMNC IHEPZO3AMPATITHBIM NPOCKMHBIM PEUECHUEM.

6.11.4. Bbibop Hacoca

B cucreme oTorieHrs ¢ TEPMOPETYJIATOPAMU PEKOMEH/TYETCS [IPUMEHSITD:

® [P TEILJIOBOI MOITHOCTH crucTeMbl 25 KBt 1 6ojiee — Hacoc ¢ peryJin-
PYEMbBIM KOJIMUECTBOM 0GOPOTOB € YUETOM PA3HUIIBI IABJICHUS B T10-
JaomieM 1 00paTHOM TPyOOIIPOBOIAX;

® [IpU TEIIOBOI MOIIHOCTHU cUCTeMbI 10 25 KBT — Hacoc ¢ perysupye-
MBIM KOJUYECTBOM 0OOPOTOB; JIJIST HACOCA € TIOCTOSTHHBIM KOJIUYECT-
BOM 060POTOB HEOOXOIMMO MTPEYyCMATPUBATD TIEPEMBIYKY MEK/LY 110-
nalomuM 1 o6paTHBIM TPYOOIPOBOJAMU € aBTOMATUYECKUM TIepe-
ITYCKHBIM KJIAITAHOM.

IIpuBenennoe 3HaueHUEe MOIIHOCTU ABJsgeTcd AupekTuBoil EnEV 1o
9KOHOMUU 3JIEKTPOoaHeprun, BerynmBineid B neiictsue ¢ 01.02.2002 r. (ipu-
HSITa B OKOHYATEJIbHOU peiakiinu B Hosiope 2001 r.). Dta gupekTrBa Halpas-
JieHa Ha cHukenue BoIOpocoB COy B armMocdepy mpu BbIpaboTKe 3JIEKTPO-
sHeprun. [lo aupekTHBe, HACOCHI, YCTAaHABIMBAEMbIC B HUPKYJISAIIMOHHBIX
KOHTYPaxX CUCTEM OTOTIJIEHUS ¢ KOTJIaMH MOIITHOCTBIO Gosiee 25 KBT, 10K-
HBI UMETb HEe MeHee TPeX CTyINeHel PeryJnpoBaHus CKOPOCTU BPAILCHUS U
obectieunBaTh motpedieHue 3JIEKTPOIHEPTUU B TOYHOM COOTBETCTBUU C TETI-
JIONIOTEPSIMU 3/IaHus1, 00YCJIOBJIEHHBIMU HAPY/KHOU TEMITEPATYPOU BO3/IyXa.

CucreMbl OTOIJICHUS IOJKHBI UMETh He MeHee /IBYX IUPKYJISAIMOHHBIX
HACOCOB, COEIMHEHHBIX MAPAJIENbHO, TUOO OJIUH CABOEHHbIN Hacoc. OxuH
M3 9TUX HACOCOB SBJIAETCA pe3epBHBIM. [Ipu aTOM pacyeTHble TTapaMeTphbl
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HACOCOB OIPEJIEJISIOT ABYMsT CIIOCOOaMMU:
® CTOIPOLEHTHOTO PE3EPBUPOBAHUS;
® IMKOBOI HarpysKu.
TTepBbiit criocob: oH Hacoc paboumii, BTOpoil — pesepBHbIiL. [Tepekio-
YyeHue C OJ[HOTO HA BTOPOU JIJIsT PABHOMEPHOTO U3HAIIUBAHUS OCYIIIECTBIISIET-
cs1 aBTOMATUYeCKu depe3 24 yaca. Kaxblil Hacoc 1Mpu JJaHHOM PEKUMe 9KC-
[TyaTaliy MOAGUPAIOT Ha TIOAYy BCETO PACYETHOTO PACXO/IA TEILJIOHOCUTEJIS.
Jliist paboThI B cCHCTEMAX OTOIUIEHUsSI CO CMEHHBIM THUPABJIUYECKUM PEKHU-
MoM 06a Hacoca peKoMeH/yeTcst 000pyI0BaTh YCTPOWCTBAMU aBTOMATHYEC-
KOTO U3MEHEHUsI YaCTOThI BPAIIEHUST IBUTATEJIST [Jist HAanOOJIee MOJHOTO CO-
OTBETCTBYS THPABINYECKON XapaKTePUCTUKE CUCTEMbI B PesKUMe PaboThI ¢
YAaCTUYHON HArpy3Koil.
Bropoii crocob: caBoeHHbIe HACOCHI MMOAOUPAIOT HA IMATUIECATUIIPO-
LEHTHYIO PACYETHYIO HATPY3KY CUCTEMbI Ha KaK bl Hacoc. [Ipu HeBbicOKIX
TEIJIOBBIX HArPy3Kax paboTaeT OJIuH HACOC B 24-4aCOBOM CMEHHOM PEKUME
C IPYTUM HACOCOM. Y IIPABJISIET HACOCAMU YCTPOUCTBO aBTOMATUYECKOTO TIe-
PEKJIIOUEHNST U PETYJINPOBAHUS YaCTOTHI BpallieHus1. B MUKOBOM peskume 00a
Hacoca paboTaloT MapasiebHo.
ITpu sByX GOJBIIMX HACOCAX PACCMATPUBAIOT I[€JIECO0OPAZHOCTD UX 3a-
MeHbI TpeMsi MeHbIInMU. C IKCITyaTallMOHHOW ¥ 9KOHOMUYECKOH TOUYKHU
3peHUs TaKasi 3aMeHa UMeeT CBOU IIPEUMYIIEeCTBa.
B HeGobImX crucTeMax OToIeHus (HanpuMep, KOTTE/KI ) PEe3ePBUPO-
BaTh HACOC HEOOAZATEIBHO.
Wcronb3oBanre aBTOMATUYECKU PETYJIUPYEMOTO HACOCA HE 3aMeHseT
ero npaBuJIbHOTO BIGOPa. [Ipr 5TOM HEOOXOUMO YUUTHIBATD CJIEYIOIIee:
e pacuerHast Touka (0603HAYEHA KOJIBIIOM Ha puc. 6.68) aBTomMaTryecku
PEryJIMpyeMoro Hacoca He J0JKHA ObITh HUsKe paboueii Toukn (0603-
HauyeHa )KUPHOIT TOUKOI ) botee ueM Ha 25 % (110 pacxo/ly TeIJIOHOCHU-
TeJIsT); UISI HEPEryJInpyeMoro Hacoca — He HuKe, ueM Ha 10 %;

® pacueTHas TOYKa MOKET HaXOAUThCs BbIle He Oojiee, yueM Ha 10 % or
paboueil TOUKM JIIT aBTOMATUYECKH PETYJIMPYEMOTO U HEperyIupye-
MOT'O HACOCOB;

e pabouast TOUKa JIOJKHA HAXOUTHCS B 30HE MAKCUMAJIBHOTO K.I1JI. Ha-

coca;
® JHKCIIyaTAI[MOHHOE YBeJNUeHIe PACX0/a TEIIOHOCUTE IS, BbI3BAHHOE
OTKPBIBAHUEM TEPMODPErYIATOPOB CUCTEMBI OTOILIEHUS, JOJIKHO Ha-
XOIUTHCS B paboueil 30He XapaKTEPUCTUKH HACOCA;

® eC/ii HECKOJIbKO HACOCOB OTBEYAIOT MPOEKTHBIM XaPAKTEPUCTUKAM
CHUCTEMBI, HeOOXOIMMO BBIOMPATh HACOC MEHbIEH MOITHOCTH.

[lomyctumoe ymembliieHue ruipaBamdecKux IapaMeTpoB HACOCa, MOKA3aH-
HOe Ha pHc. 6.68, onpesiesieHo ¢ y4eToM TOTO, YTO CHUKEHHUE PACXo/ia TEeTJIOHO-
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curess Ha 25 % B cucTeMax OToIl-
JICHHSL IPUBOJUT K HE3HATUTE/Ib P
HOMY YMEHBIIEHHUIO TEIIOBOIO
HOTOKA OTOIUTEIBHOrO Mprbopa
(npumepno Ha 7 %). Jta Hemo-
cTaya BIIOJIHE KOMIIEHCHPYETCSI

Hacoc 6e3

3aBBINIAEMOH B COOTBETCTBUH C aBTOMATM4ECKOrO

[9] TemnoBoii MoIHOCTHIO OTOIN- PeTynMpoBanA
TesbHOTO mprdopa Ha 10 % 1 Bo3- Hacoc ¢
MOJXHOCTBIO TepMOpeI‘yﬂﬂTOpa aBToMaTun4ecknm o

perynupoBaHuem

OTKPBIBATHCSI, MPOIYCKast OOIb-
MIMHA PACXOJT TETIOHOCUTEIS [5]. (ﬂl_oi%

Homyctumoe  yBenuueHue vV
TU/IPABJINYECKUX  T1aPaMETPOB

Hacoca, MOKa3aHHOe Ha PUC.
6.68, olpeieneHo ¢ yYeToM Puc. 6.68. Aonyctumoe OTKAOHeHMe -
. )

pocTa 3IEKTPOIOTPEOIeHNUS APaBAMHECKMX  XapaKTepuc-
HACOCA, KOTOPOE IIPOIIOPIIO- TUK Hacoca npw ero Beibope
HAJbHO PACXOJY TEIJIOHOCH-

TeJIst B KyOUYEeCKOil CTereH .

XapaKTepucTUKU HACOCOB, KaK MTPABUJIO, OTIPEIEJICHBI I/ KUHEMATHye-
CKOM BSIBKOCTH BOJIBI, paBHOI 1 MMm?/c. [Tpu ucmomb3oBaHUM KUAKOCTER € APY-
TOii MIJIOTHOCTBIO, HAIIPUMEP, BOIOTJIMKOJIEBOI CMECH, CIIeIyeT KOPPEKTUPOBATD
pacyeThl IpU BHIOOPE HACOCOB U 3allpalliiBaTh WH(MOPMAIMIO Y TPOU3BO/IUTE-
Jieit.

Om npasuivHozo 8vlboOpa HAcoca 3asuUcum padomocnocoOHOCMb Peyiupyro-
WUX KAANanos, 6eCuyMHOCTb CUCTEMbL U ee IHeP203PPexmueHocmo.

6.12. PACIUMPUTEAbHBIE BAKI

Mem6paHHble pacupuTesabibie Gaku TPUMEHSIOT B BOASHBIX THAPaB-
JINYECKU HE3ABUCUMbIX 3aKPbITHIX CUCTEMAX OTOILJIEHUS C PACUETHOI TeMIIe-
patypoil rerionocutesist B nogatoieM tpyborposose g0 100...120 °C (B co-
OTBETCTBUU C XaPAKTEPUCTUKON Gaka), 060PYIOBAHHBIX aBTOMATHYECKIM
peryJIMpOBaHMEM U 3aIIUTON OT MPEBBINICHUS PACYETHRIX TeMiepatyp. OHu
Ipe/Ha3HAYeHbI IS

® [IpPUHSTHS U30BITOYHOTO 0OBEMA TETIOHOCUTEJISI B CUCTEME, BOSHUKA-

IOII[Er0 BCJIEJICTBUE 0OBEMHOTO PACIITUPEHMSI BOJIBI [IPU TIOBBIIIEHUN
ee TeMIIEPATYPHI;

® 3amuTH 060PYAOBAHUS OT YPE3MEPHOTO JIABJICHUSA U KOPPO3UH;
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® KOMIIEHCAI[UH HKCILIYaTAIHOHHBIX [TOTEPD TEMJIOHOCUTEIST,

® YIPOIIEHHUST KOHCTPYUPOBAHUSI U KCILIYATAI[MH CUCTEMBI.

Pacuer pacmmpurenbHoro Gaka 3akiouaercss B noabope ero obbema,
OIpeJIe/IeHNY HAYaIbHOTO JIaBJIEHUST Ta30BOTO MMPOCTPAHCTBA U IHAMETPOB
MIPUCOEANHUTETBHBIX MATPyOKOB /171t GaKa v JIJIst TIPE0XPAHUTENLHOTO KJla-
nana [18]. TIpu 3anmkenHoM o6beMe Haka JaBjeHue B HUKHUX TOUKAX CUC-
TEMBI MOKET MPEBBICUTH MAKCUMAJBHO J[OMYCTUMOE JIABJIEHIE, YTO [IPUBe-
JIeT K aBapUIHOMY MCTEUYEHUIO BOJIbI uepes pe3bOoBbie COeIMHEHUs UK 00-
PA30BaHUIO TPEIIUH B JIEMEHTAX CUCTEMBI. JIJIsT MPeOTBPAIIEHHST 3TOTO
006s13aTEJIHHO MIPELyCMATPUBAIOT YCTAHOBKY TPEIOXPAHUTEIHHOTO KJIAIlaHa,
cOpachIBAOIIErO TENIOHOCUTENb B KAHAIU3AIINIO, OO B CIEIMATbHbBII Ha-
KonuTesbHbIH Oak. CHUKeHUEe TeMIepaTypbl BOJBI IPUBOJIUT K yMEHDIIIE-
HUIO ee oObeMa B Gake ¥ TIJIEHUIO JIaBJIeHrs B cucTeMe. [Ipu aToM aBieHue
B BBICIITMX TOYKAX CHCTEMBI MOKET CTATh MEHbIIIE MUHUMAJIBHO JIOIYCTUMO-
IO JIaBJIEHUS TI0 YCJIOBUSIM HEBCKUTIAHUSI BOJIBI U HEJIOITYIIIEH ST TPOCAYNBa-
Hus armocdepHoro Bosayxa. [loatomy obbem 6Gaka JOJKeH ObITh YETKO
06y CJIOBJIEH JIOIYCTUMbIM JINATIA30HOM IHIPABINYECKOTO JIaBJICHUS B CUCTE-
Me. [lsist aTOM 11en 06s3aTeIbHO Ha YPOBHE MPUCOEIMHEHNs GaKa ycTaHaB-
JITBAIOT MAHOMETP C HUJKHUM U3MEPSIEMBIM JIABJIEHUEM, HE TIPEBBIIIAIONTIM
TUPOCTATUYECKOTO JIABJIEHUSI, U BEPX-
HUM, — HE MEHBIINM OT MaKCHUMAJIbHO
JIOIIYCTUMOTO JIABJIEHUSI CHCTEMBI. 3a-
BBIIIIEHIE eMKOCTH OaKa He UMEEeT OTPU-
[[ATEIbHBIX TIOCJEICTBHIL.

Ha mpakTuke BCTPEYAIOTCST CJAydan
HEeBEepPHOTO T0A60pa JU6O HACTPONKY
6akoB. OHU OCTAIOTCSI MYCTHIMU BCJIE]I-
CTBUE HEYBSI3KU JAaBJICHUS] BOJbBI O]
MeMOpPaHOW W JIaBJIeHUs Ta3a Hajl MeM-
OpaHoil B CTATHYECKOM U JIMHAMUIECKOM
pesxkuMax paboTbl. B gaHHOM Cciyuae
[IPUYUHON SIBJSIETCS] HEAOCTATOYHOE Ha-
Puc. 6.69. YCTaHOBKa KOMMAEKC-  yanpHoe faB/IeHIe TeIJIOHOCUTE/S B CH-

HOW 3alMTbl CUCTEMBI  crene, Bo MHOTOM YIIPOCTHTD pelieHne
OTONAEHMS 3TOM 3a7auu IMO3BOJILIOT OAKUM HOBOTO
MTOKOJIEHSI.

Ha cMmeny npuxosit Ge3HaropHbie 0aky B KOMILIEKCE C YCTAHOBKOI aB-
TOMATHUYECKOU 3aIuThl cucTeMbl (puc. 6.69). Ita ycranoBka paboTaer moJi-
HOCTBIO B aBTOMATHUYECKOM DPEKUME, OJHOBPEMEHHO BBITIOJIHSIS (DYHKIIUU
MOJIEPIKAHUS IABJICHS, JeTa3al[UK U MOAMUTKH, 4TO 00eCTedrnBaeT OrTh-
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MaJIbHBII pesKiM PAbOTBI CHCTEMBI B 11€JIOM. Bee yCTAaHOBKU KOMILIEKTYIOT
MHOTOCTYTIEHYATBIMU HACOCAMM, A JUIsI CHCTEM OOJIBIIOro obbeMa — BepTH-
KaJIbHBIMM HOPMaJIbHOBCACHIBAIOIIMMHU HacocaMu. Takxe BO3MOKEH Bapu-
AHT JIByXHACOCHOH YCTaHOBKH, TJI€ BTOPOU HACOC pabOTaeT B PE3EPBHOM WJIU
MMUKOBOM PeKUMeE. Y CTAHOBKH OCHAIIEHBI CEPUITHBIM MEXaHU3MOM IJIABHOTO
MyCKa U OCTaHOBKM Hacoca. [Ipu oMol moTeHnoMeTpoB Ha IiaTe B paciipe-
JICJTUTEIbHOM TIKady 331al0T BpeMEHHbIE MHTEPBAJIBI MTyCKA U OCTAHOBKH, a
TaKyKe HavyaJIbHbIE ITyCKOBBIE MOMEHTHI /iBUratesist. Hacochl BKIIIOUAIOTCS T171aB-
HO 6e3 00pa3oBaHus THPOY/Iapa.

[IpumMensiemMble 2JIeKTPOMArHUTHBIE KJIAAHbI TIOIEP;KUBAIOT TIOCTOSHHOE
JlaBJieHue B cucreMe. IIpy MoOBBIIEHU TeMITepaTypbl TEIIIOHOCUTEIS, [1aB-
JIEHUE B CHCTeMe HAaUMHAET PACTU, OTKPBIBAETCS TIePEIyCKHON KJaraH, U U3-
OBITOYHBII 00BEM BOJBI IOCTYIIAET B MEMOPAHHYIO HAKOIIUTENbHYIO EMKOCTD
BHYTpU (6aKa, 3aIUIIAsT TEMJIOHOCUTENb OT KOHTAKTa € aTMOC(hEPHBIM BO3LY-
xoM. T'azoBoe nmpocTpaHcTBO Gaka HAXOAUTCS T/ ATMOCHEPHDIM JIABJICHUEM.

Bak ciyxuT 11g HaKOIJICHUS TETIOHOCUTEJIS U3 CUCTEMBI IIPU BO3pac-
TaHUU TEMIIEPATyPbl TEIJIOHOCUTEJIS U €T0 BO3BPaTa B CUCTEMY ITPU YMEHb-
nieHuu temuepatypbl. OCTbIBaHME TENJIOHOCUTENSI B CUCTEME MTPUBOIUT K
YMEHBIIEHUIO ero jaBjieHusd. C MOCTHKEHMEM MUHUMAJIbHOTO 33JJaHHOTO
3HAYECHUS, PErUCTPUPYEMOTO JIATYNKOM JIABJICHUS, BKIIOYAETCS HACOC U Iepe-
KauMBaeT TEIIOHOCUTENb U3 HAKOIUTEIbHON eMKOCTH 0OPATHO B CUCTEMY,
MOJIIEP>KUBAs B HEH JIaBJIeHIE HA TIOCTOSHHOM YPOBHE.

Jlerazaiust OCYIIECTBJISIETCST MTOCPEACTBOM TIepPernycka U30BITOYHOTO
o6beMa TEerIoHOCUTEsA B GE3HATIOPHYIO0 HAKOTIUTEIBHYIO eMKOCTh, OT pes-
KOTO CHUZKEHUS JIABJICHUS TEIVIOHOCUTEJIS U3 HETO BBIIEJAETCS BO3MYX, KO-
TOPBIH yangeTcsd yepe3 aBTOMaTUYeCKUI BO3yX00TBOIYUK. TaKoi moaxo
B 3HAYUTEJIBHOU Mepe yIIpoIaeT TPYJ0eMKHU ITpoIlece era3aiiiy Beeil cuc-
TEMBI OTOIJIEHUsT, OCOOEHHO JIBYXTPYOHOI ¢ TOPU3OHTAILHBIMU TTPUOGOPHBI-
MU BETKaMHU, TJIe 3Ta 3a/la4a YACTUYHO BO3JIAraeTCs Ha JKUJIbIIOB U OCYIIECT-
BJIIETCS BPYUYHYIO.

Oripesiesienrie HEXBATKU BOJIBI B CUCTEME TIPOUCXOIUT ITyTeM U3MEPEHUS
Maccbl Gaka JaTYNKOM, BMOHTHPOBAHHBIM B OJIHY U3 orop. IIpu ymeHbIie-
HUM YCTAHOBJIEHHOTO YPOBHST BOJIBI B Oake (3a/1aBaeMoe 3HAYEHVE) BKIIOYA-
€TCsl YCTPOMCTBO MOJITUTKU: OTKPBIBACTCH 3JIEKTPOMATHUTHBIN KJalaH Ha
TUIPABJIMYECKOM Yy3JIe YCTAHOBKH 1 OCTAETCH B TAKOM COCTOSIHWU /IO JIOCTH-
JKeHust TpeOyeMOTo 3HaueHust YPOBHsI TelioHOcuTesist B Oake. JlmTesib-
HOCTD IOANUTKY KOHTpoaupyeTcs. [Ipu mpeBbilieHnn yCTaHOBJIEHHOTO 3HA-
yeHUs1 GJIOKUPYETCST TEM JKe TEPEIyCKHbIM KiarmaHoM. OObeM MpousBe/ieH-
HOI1 MOANUTKY 32 OTAEJbHBIN TTePUOJ] MOXKET PETHCTPUPOBATHCS KOHTAKT-
HBIM BOJIOCUETUNKOM.

[Ipenmy1iecTBOM yCTAHOBKM KOMILIEKCHOUM 3alIMTBl CHCTEMBI OTOILIE-
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HUs siBJIsieTcst uHTepdeiic, MO3BOJSIONIIT HHTETPUPOBATHCS B JI00YI0
COBPEMEHHYIO cUCTeMy aucrerdepusanuu 3nanuii. [Ipemocrasigercsa
BO3MOYKHOCTD MOJIyYEHUS U, COOTBETCTBEHHO, 06paboTKU HH(POPMAITIIO
0 COCTOSHWM B HEHTPAJIBLHOM UCHETYEPCKOM ITYHKTE, pacliojaracMbIM
Ha paccrosiHuu /10 1 KM. Y1paBieHue 110 3alaHHbIM UCXOJHBIM JIAHHBIM
CHCTEMBI OCYIIECTBAAETCS JTUOO B PYUHOM, MO0 B aBTOMATHYECKOM pe-
KUMeE.

[Toax/II04YaoT YCTaHOBKY K 06paTHOM MarucTpaiy CHCTeMbl OTOILIe-
HU4, T/Ie dKCILUIyaTalluOHHAs TeMIlepaTypa TEeNJIOHOCUTES He TIPeBbIIa-
et 70 °C, a MakcuManbHOe U30bITOUHOE pabouee gasienue 1o 10 Gap.

Obvem Gaxa 06ycro6ien 2UOPABIULECKUM OABIEHUEM CUCTREMbL OMONIEHUS. 6
Hepabouem u pabouem COCMOSHUAX, e eMKOCbIO U HALUUUEM NPUMECETl, CHU-
ACANOUWUX MEMNEPAMYPY KPUCMATLIUSAUUL MENTOHOCUMENS.

Hesepnuiii nod6op oasnenus 2a306020 npocmpancmaa 6axa npueooum x nepu-
00UUECKOMY NPOMEKANUIO PE3LOOBBIX COCOUHEHUTL, BCKUNANHUIO MENIOHOCUME -
Jisl, paspyuLeHuto 06opyo0osanusl.

Komnaexcuas sauguma cucmemolr omonienus ¢ 6e3Hanopnoim 6axom ynpouwa-
em 3a0auy NPOEeKMUPOSUUKA U IKCIYAMAUUOHHOU OP2anU3ayuu no obecne-
uenuI0 pabomocnocoGHOCMUL CUCTEMbL OMONACHUSL.
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7. 9dKOHOMMHYECKASA SODEKTUBHOCTDb
ABTOMATU3ALNU TEMAOBbLIX MYHKTOB

IKOHOMMYECKYIO 3((DEKTUBHOCTh ABTOMATU3AIIMN TEIJIOBBIX ITYHKTOB
OTIPEJIEJISIIOT TEXHUKO-9KOHOMUYECKUM COIOCTABJIEHUEM PA3JUYHBIX TIPO-
eKTHBIX pemnenuii [25; 37; 73; 74]. Ilpu 9TOM CpaBHUBAIOT KAIUTATbHbBIE U
IKCILIyaTaI[IOHHbIE PACXO/IbI, CDOKI MOHTAXKA ¥ OKCILIyaTaluu cucreM. Pac-
CUUTHIBAIOT TAK)KE CPOK OKYIAeMOCTH KAlUTAJbHBIX BJOKEHUI 32 CUeT
YMEHbIIIEHUsT IKCILIYaTAIMOHHBIX PACXOJI0OB U COOTHOCST €ro ¢ HOPMATUB-
HbIM 3HaYeHreM. OGBIYHO /IS CTUMYJTMPOBaHSE 9HEProcOeperaImx Mepo-
OPUSTUN YCTAHABIUBAIOT CPOK OKyIaeMocTH He Bbiiite 12...12,5 et [59; 75].

DakTopsl, BAUAIONINE Ha 9HEProcOepesKeHre OT MCIOJb30BaAHUST aBTO-
MaTU3UPOBAHHBIX CUCTEM, — MHOTOrpanubl. Ha ceromusinuii 1eHb oTCyT-
CTBYIOT TIOJTHOTIEHHbIE OTEUECTBEHHbIE METOJMKHU UX BCECTOPOHHETO YUeTa, a
umeroruecss — pazobuienbl. [IpUunHO ABAAETCS TOT (HAKT, UTO BAAIETbIA
3nanus (IOMeIleH s ), B IEPBYIO 0UYepe/lb, THTEPECYIOT PeaJbHO Oy TUMbIE
JIOXO/IBI, TIOJTYYEHHbIE OT TIPUMEHEHUsT IHEProcOHeperaoniux MepoTpusITHii,
B TO BpeMs KakK, 9TH MEPOIPUATHS UMEIOT TOCYaPCTBEHHOE U TI06abHOE
naHeTapHoe 3Hadenue. B ao6oM cirydae, OCHOBHBIM (haKTOPOM BBICTYIIAET
HKOHOMUST TOTIMBO-DHEPIeTHYECKUX PECYPCOB MPU 06eCIIeYeHnH TEIIOBO-
ro KoMGopTa B IOMEICHUH.

OjiHa M3 METOIUK ONPeIeIeHUsT SHEPTrocOePEKEHUsT CUCTEMaMU OTOTI-
JIeHUs 3[IaHUsI ¢ PA3JIUYHON CTEIleHbI0 ABTOMATU3AIUU TEIJIOBOTO IYHKTA
npescrasiena 8 VDI 3808 [76]. B ueil nana onenka sHeprocbeperaornmx
MEPOTIPUATHIA TI0 9KOHOMUHU TETIONOTPEOIEHNST BCIEICTBIE PYYHOTO JT60
ABTOMATUYECKOTO BPEMEHHOr0 MOHMKeHUst (HOYHOT0, BBIXOJHOTO [[Hs) TeM-
neparypbl MOMEIIEHUs, HEJOMYIeHUsT U30BITOUHBIX TEIJIOTPUTOKOB, MOJI-
JlepsKaHusl TeMIIEPATyPHBIX YCJIOBUiT B noMmeliennu. CyMMapHOe BJIUSIHUE
PEryJIMpOBOYHO-TEXHIUUECKOTO OCHAIIEHUS CUCTEMbBI OTOTLIEH IS U TEILJIOBO-
ro MyHKTa OTPaKe€HO KO3(hOUIMEHTOM COKpAIIEHUsT TEIIonoTpedaeHus
BCJIEJICTBHE TOAIEPKAHNS TPeOYEMbIX TEMIIEPATYPHBIX YCJIOBUIA B OMETIe-
HUU

M=ty
- s
tf /il
/e ¢ — 3a/[aHHAasI TeMIIepaTypa 3[aHusl, paBHAs HOPMUPYEMOI TeMIlepaType
ocHOBHBIX ToMetiennii ot 17 °C 1o 23 °C; t7 — cpesinss TeMiiepatypa HapyxK-
HOTO BO3/yXa 3a oronuTebHbiil iepuof, *C; fp1 u [ry — Koabduiinent xa-
YeCTBA PEryJIUPOBOYHO-TEXHUYECKOTO OCHAIIEHUSI CUCTEMbI COOTBETCTBEHHO

1t 6a30BOTO ¥ TIPUMEHSAEMOTO BapUAHTa IPOEKTHBIX pernenuii (Tabur. 7.1).

g

(7.1)
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OpHeHTUPOBOYHbIE 3HaYeHMs KOI(phrLmeHTa KauecTsa fp

Tabauua 7.1 no VDI 2067 Blatt 2 [77]
Koadbdumment
Pery/impoBOYHO-TEXHUYECKOE OCHAIIEHUE 2

1. PydHoe perysnpoBanue ¢ He3HAYUTETLHBIM BMEIIIATEILCTBOM 113
TI0JIb30BATEIsT ’

2. PyuHoe peryJupoBaHe IIPH 4YaCTOM BMEIIATEIbCTBE 110JIb30BATEIsS 1,10
Pyunoe peryimpoBaniie 1 TepMOCTaTHUECKUE KITATTAHBI 1,08

4. PeryspoBatue 110 TIOTOHBIM YCIOBUSM O€3 TPUMEHEHsI 106
TEPMOPETYJISITOPOB '

5. KoMHaTHBII TepMOPErYJIsITOP, YIPABJISIONMNA HACOCOM, U 106
TEPMOPETYJISITOPBL ’

6. PerynmpoBaHie TeMIIepaTypbl MOABAEMOT0 TEIJIOHOCHTEIS C
afanraryeil KpUBOI OTOTICHS TIO TIOTOIHBIM YCJIOBHUSIM H /U 1,05
YCTIOBUSIM TTOMEIIEHUST

7. PerynmpoBatie TeMIiiepaTypbl 0aBAeMOr0 TeMJIOHOCUTES U 103
TEPMOPETYJISTOPbI ’

8. PeryspoBariiie TeMIepaTyphbl M0ABAEMOTO TEIIOHOCUTEST C
ajanraryeii KpUBOIl OTOTIEHS TIO TIOTO/THBIM YCJIOBUSAM W /U 1,02
YCIIOBUSIM TTOMEIEHIS U TePMOPETYJISITOPBI

9. llenTpasbHoe HENPEPBIBHOE PETYIMPOBAHIE TEMIIEPATYPBI B TIOMEIIEHUI 102
¥ TePMOPETYJISITOPBI (OTHOCEMENHBIN T0M ) ’

10. [IBa 160 GoJibliie YPOBHE PEryInpoBaHust 110 BHEITHUM YCIOBUSAM
e (e3 ajanraiuy KPUBOH OTOIICHUS 1,015
® C ajlanTalyeil KpUBOW OTOIJICHUS 1,010

1 pas/ieJioM YIIPaBJIEHHs [I0 CTOPOHAM CBeTa (IIPUMEHIEMOT0 3aBUCUMO OT

PACIIOIOKEHIIST COJTHIIA), C TEPMOPETYIISTOPAMHE JIIOO0 ¢ 30HATBHBIM

peryJipoBaHieM OT/IEIbHBIX HOMEIeH I

ITpu pacuete KoahbUIIEHTa CHIKEHHUS TETIOMOTPEOIEHS TI0 ypaBHe-
Huto (7.1) B KauecTBe 6a30BOr0 BapUAHTA CPAaBHEHUS TPOEKTHBIX PEIIeHIN
MPUHUMAIOT PYYHOE PEryJUpOBaHUE C HE3HAUYUTETHHBIM BMEIIATETHCTBOM
TTOJTb30BATEJIS.

Ipumep 7.1. Heobxooumo onpederumsv crudxcenue menionompednenis
30anus npu  MoOepHuU3AUUU MEeNL08020 NYHKMA NYmem YcmanosKu
pezyasmopa nodawu MmenioHOCUmens no nozoonvim yciosusm. Cucmema
omonienus 0e3 MeEPMOPEYAAMOPOE HA  OMONUMEILHLIX NPUOOPAX.
Temnepamypa 30anus npunsma t = 18 °C (8 coomseemcmeuu ¢ Ovieuumu
Hopmamu, 0o eedenus usmenenus [78 ). Cpeduss memnepamypa napyrcrozo
8030yxa 3a omonumenvivlil nepuod — ty = 1,4 °C (0ns Yepaunot onpedenena
ocpeonenuem camozo HU3K020 U CAMO20 BbICOKO20 SHAUCHULL, COOTEETMCMEEHHO —
-2,5°C 0nst Cym u +5.2 °C dns Anwmot, coznacro [26]).

Pewenue. 3a 6asoswiil BAPUAHRM NPUHUMATOM CUCTNEMY OMONJIEHUS C Then -
J0BbIM NYHKMOM NPU HESHAUUMEADHOM BMeUaAmesbCmee nojab306amenss u
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pyunom pezyauposanuu — [y = 1,13 (nosuwus 1 maéa. 7.1). lpoexmupyemoiii
gapuanm — cucmema omonjenus 6es mepmopezyiimopos (npu HesHauu-
MeNLHOM BMEULAmeIbCmaee NOIb30BAMELSL U PYUHOM PEYAUPOBAHUL) U MENI0-
BbIM NYHKMOM C P2y IsmopOM MeMnepamypvl no0asaemoz0 menioHoCUmens
10 10200HbIM YCA08UAM — [po = 1,05 (nosuwus 6 maba. 7.1). Tozoa no ypas-
nenuto (7.1)

_18x1,05-1,4

rp = =0,924.
18x1,13-1,4

CHuoiceHue menﬂonompe6ﬂeﬂuﬂ cocmasum
(1 - 0,924)x100 = 7,6 %.

Jlonosnutesibublii 9 pekT, BHOCUMBIN yBeJNYeHUEM YPOBHEI aBTOMA-
TUYECKOTO PETyJIUPOBAHUS, OTPEAEIAIOT CPAaBHEHUEM BapUAHTOB IIPOCKT-
HBIX PellleHnii ¢ Pa3JINnYHOM CTeleHbIo aBTOMaTU3AI1H.

AHaJIOTUYHBIN TOIXO/I, AIAIITHPOBAHHBIN K MECTHBIM YCJIOBUSIM, TIPE/I-
craBjeH B "MeToauKke pacdyera yaeabHOTO SHEProloTpedIeHns Ha OTOILIe-
HIE 3[[aHusl B TeYeHre OTomuTeabHOro ttepuoga” [79]. Cokpaienue Tpebye-
MOi¥1 TEIJIOTHI JOCTUTAIOT 33 CYET BOCIPUSTUS TEIJIONOCTYIIeHUi (ObITo-
BBIX, OT COJTHEUHO Pa/HAIINN ) CEHCOPAMH aBTOMATUYECKOTO 000PYA0BaHUS
M aJIeKBAaTHOTO BO3JCHCTBUS PETYJIUPYIONUMHU KJallaHAMU Ha TETJIOBYIO
MOIITHOCTD CUCTeMbI OTOomIeHus. CTeneHb BOCIPUATHS TEIJIONOCTYIITICHUIA
orleHnBaIOT Ko duimenTom achGHEKTUBHOCTU aBTOPETYJIUPOBAHUS T10/[aYH
TEIJIOThI B cucteMy otorienus { (tabsr. 7.2). Uem Bbliiie BOCIPUSITHE CUCTE-
MO OTOIJIEHUSI BHEITHUX W BHYTPEHHUX TEILIONOCTYILIEHUH, TeM GOJIbliie
3HaueHue aToTo K0a(hUIlMenTa, 1, cae[0BaTeIbHO, 3HAYUTEIbHEE 9HEPTo-
cbeperatotuit a¢hdekT.

Tabanua 7.2 Koaghpmument agpcpekTnsHocTn asToperyampoBarms [79]
PerynupoBouno-Texnuueckoe ocHalleHue Koaddunnent §
1. OpnoTpyOHast cHcTEMa ¢ TEPMOPETYJISITOPAMU U ¢ TTodhacaHbIM
ABTOPETYJIMPOBAHNEM Ha BBOJIE NN TOKBAPTUPHON TOPU30HTATBHOMN 1,00
Pa3BOIKON

2. JIByxTpy0Has cucTeMa OTOIICHUS ¢ TEPMOPEryJIATOPaMu 1 ¢
]IeHTpaHbeIM aBTOperHVIpOBaHI/IeM Ha BBO/I€

3. OnnorpybHasi cucTeMa ¢ TePMOPErYJ/IATOPAME 1 € HEHTPAILHBIM
aBTOPErYIMPOBAHMEM Ha BBOJE UM 0AHOTPYOHAd cucTeMa 6e3 0,90
TEPMOPErYJIATOPOB U ¢ odacaHbM aBTOPEryIMPOBaHIEM Ha BBOJC

4. OpuoTpyOHAsS CUCTEMA ¢ TEPMOPETYIATOpaMu u 6e3

0,95

aBTOPEryJINPOBAHUS HA BBOJIE 085
5. Cucrema 6€3 TepMOPETYJISITOPOB U C IEHTPATbHBIM 070
aBTOPEryJINPOBAHNEM HA BBOJIE ’
6. Cucrema 6e3 TepMOPETYJISITOPOB U 6€3 aBTOPETYIMPOBAHUS Ha BBOJIE, 0.50

1o ¢ nenTpaibibiM peryaupoBanveM B LTIl nan xorembnoit
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[IpencraBiennblie Bbillie METOJMKK OIpe/iesieHns 9HeproaddeKTUBHOC-
TH NPUMEHEHUsT aBTOMATU3AIUK aOOHEHTCKUX BBOJIOB SIBJSAIOTCS HEKOM-
IJIEKCHBIMM, T. K. OCHOBAaHbI HA PACCMOTPEHUU CUCTEMBI OTOTJIEHUS, KOTO-
past oT/iesieHa OT IPYTUX MHKEHEPHBIX CUCTEM 3/IaHUS U MX 9HEPreTHYECKO-
ro B3auMojeiictBust. Kpome toro, Hatipumep, B [79], HeoctaTouHO 060CHO-
BaHa TpaHchOopMalya MoKasaresneil SHeproda(MGEKTUBHOCTH ABYXTPYOHBIX
CHUCTEM OTOILIEHUs B OfHOTPYOHBIE. COBPEMEHHBIN MOXO]I, Peain3yeMblil B
CTpaHax eBPOIEHCKOTo cOObIecTBa, OCHOBAH Ha COBMECTHOM PaccMOTpe-
HUM CUCTEM OTOTIJIEHUS, BEHTHJISAIN, TOPSYETO BOTOCHAOKEHS 1 AJIEKTPO-
cHaGKEHUsT ¢ YIETOM UX KOHCTPYKTHUBHBIX OCOOEHHOCTEH, B3aMMOCBSI3H, a
TaKsKe Y/IeJbHBIX TEIJIOIOTEPD 3/IJaHUS U €TO M0JIe3HON OTAITMBACMON 11710~
maau [25; 37; 73]. [Ipuuem gaHHDIH TOAXO/I 1a€T OIEHKY BCEM 3BEHDSIM TIETTH
TpaHchOpPMAIUK JHEPTHU: OT UCTOYHUKA SHEPrUuu 1o norpeburens. Takoi
MIOJIXO/1 OIPEJIEIISIET HEPTOCOEPETAIOIINEIT U HKOJOTHYeCKHil 3hdEKTDI TIPH-
HUMAaeMbIX TEXHUYECKUX PEIIEHUN Y 9HEPTOreHePUPYIONIEH KOMIIAHUU U Y
noTpebuTess Kak Ha CTa{MK IPOEKTUPOBAHUS, TaK U [IPHU ayUTe CYIIeCTBY-
TOIINX 3IaHNM.

Haubosiee nctuHHBIE TaHHDIE TI0 HEPrOCOEPEKEHUIO TIONYIAIOT MOHU-
TOPUHTOM TOPOJIOB, MUKPOPaiioHOB, 06beKTOB. OCOGEHHO SIPKO BbIPasKeH
a10T 3ddeKT mpu MopepHUsauu 31auuil. Toraa mosiBasioTcst 6a30BbIe TI0-
Ka3aTeJsy, ¢ KOTOPbIMU CPABHUBAIOT JOCTUTHYTHIC PE3YJIbTATBI.

[ToyuunTesieH OIBIT MOJIyYeH TIPU TePMOMO/JICpHU3AIK 3/1anuii [82]. B Te-
YeHUe JIECSTKA JIET M0l HAOII0IeHHeM HaXOAuI0ch puMepHo 150 MHOTOCE-
MeHbIX 1 200 ofiHOCEeMeHbIX 37[aHnii obO1ell xuaoi mionaabio 600 Tic. M2
o 2005 r. B aTuX 31aHUAX yCTaHOBIEHO 128 KOMIIAKTHBIX aBTOMATU3MPO-
BAHHBIX TETJIOBLIX ITYHKTOB C PETYJIATOPAMHU I10 TIOTOHBIM YCJIOBUSM U 3a-
MeHeHbI JIJIs1 15 3/[aHuii 1ieHTpaibHble TEIIOBbIE MTYHKTHI ¢ 60sibIneit addek-
TUBHOCTBIO. Kpome Toro,

ycranossiero 37000 TepMOperyJiiTopoB Ha OTOTUTEIbHBIX IPHOOPAX;
ycraHossieHo 9820 kranaHoB Ha CTOSIKAX, YTO aBTOMATU3UPOBAJIO Ga-
JIAHCUPOBKY CHCTEM OTOILJIEHUST TpuMepHO B 90 % 3manmii;
YCTaHOBJIEHO TEILJIOMEPOB B 98 % KBapTHp;

ycranoero 3000 repMOperyIsiTopoB Ha HUPKYJISIUOHHBIX TPYOO-
MIPOBOJIAX CUCTEM TOPSTIETO BOAOCHAOKEHST;

e yrerieHo 332052 mM? HAPYKHBIX CTEH, YTO COCTaBJIsIET OKOJIO 96,9 %
3mannii, moctpoeHHbIX 10 1992 r.; 8 2005 1. IOTTOHUTETHHO YTETLIEHO
emre 86000 M2

e yrerieno 79180 m? kpaiiil, 4To cocraisieT okoso 50 % 3manuii, mo-
ctpoeHHbIx 10 1992 r.;

e 3ameneno crekyonakeramu 10700 okon B kBapTupax;
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® 3aMCHEHO CTEKJIOTIAKETaMU OKHA Ha JIECCTHUYHBIX KJETKaX MHOTroce-
MEUNHBIX 3/IaHU.

3a cuer MpeANPUHATHIX MEPOIPHUATHIT AP PEKT IHEProcOEePesKEHNsT COCTa-
BUJL: Ha OTOILIeHue 3nanuii — 58,6 %; na ropsaee BogocHabxenue — 52,1 %.
[Ipu aTOM CTOMMOCTD TEIJIOBO HEPTUHU 34 pacCMaTPUBAEMBII TIEPUOJL BO3-
pociia Ha 55,3 %, 4TO OTPA3UIOCh HA MI3MEHEHUU CTOMMOCTYA KOMMYHATBHbBIX
YCJIYT: 32 OTOIJIEHNWE — YMEHbIUIach Ha 16 %; 3a ropsiuee BopocHabKeHE
yBesmunsiach Ha 16 %. Taxum 06pasom, TEpPMOMOIEPHUBAINS 3aHKsT C KOM-
IJIEKCHOI aBTOMATHU3aIlieil ero MHKEHEePHBIX CUCTEM ITPUHOCUT OIIY TUMBIH
sKOHOMMYECKHiT adeKT, 3akimodatomuiicss B 50 % cHUKeHrH ToTpebIeHs
TeryioBo aHeprun. OlleHeHHbIN 11epUOo/I BO3BPAaTa MHBECTUITUN COCTABJISIET
3,8 roza.

ITpu ajantanuu eBpoONEeRCKOro OMbITa B 9HEPTOCOEPEKEHUN U METOIUK
€T0 OIIEHKH K YCJIOBUSIM Y KPauHbI HEOOXOJMMO YUUTHIBATD TO, 4TO [0 CPAB-
HEHUIO C HAIIUMU 3aHUSIMM €BPOIECHCKHUE 3/IaHNS OTIMYAIOTCS CJEyIO-
M

® B HECKOJIbKO pa3 JIydllleil TeIio3aiuiieHHOCTIO OrPaXKIatoniuX KOH-
CTPYKIUIA U, CJIeIOBATETLHO, MEHBIITUM TETLJIONOCTYIIJIEHUEM OT COJI-
HEYHOU pajinaliuy;

® OCHAIIEHHOCTHIO CUCTEMAMU FOPSYEro BOAOCHAGKEHMS ¢ MEHBILINM B
TPU pas3a BOAOIOTPebIeHIEM U, CIEI0BATENbHO, MEHBIINM TEILIOIIOC-
TYTIJIEHUEM OT 9TUX CUCTEM;

® npuMeHeHneM OBITOBOM TEXHUKH ¢ G0JIee BBICOKUM K.ILJ, U, CJIeJ0Ba-
TeJIbHO, MEHBIIINM TEIJIOTIOCTYTIJIEHUEM OT HEE;

® JICII0JIb30BAaHNEM KYXHU B 3HAUUTEJNbHO MEHBIIEH CTelleHy U, CJIef0-
BaTEJIbHO, MEHBIIIUM TEILJIOTOCTYILIICHUEM.

YV Halux 37aHUl TaKKe WHAsI IPOTIOPIUST MEXK/Y OBITOBBIMU TEILIIOTO-
CTYIJIEHUSMU U TETIONOTEPSIMU, MHOU Crocob TeriocHabKeHns1, XapakTe-
pusytoIuiicss GBI MHEPIIMOHHOCTHIO... [10aTOMY 9HEeprocheperaonuit
addeKT OT IpUMeHeHNsT aBTOMATU3AIUY MHKEHEPHBIX CUCTEM 3/[aHUH y HAC
HECKOJIbKO BBIIIIE, HECMOTPSI Ha TO, YTO MbI IOCTETIEHHO MPUOJIMKAEMCS K €B-
POIIEHCKUM TOKA3aTessIM: 10 yTEIJICHUIO 3/aHUi, aBTOMATHU3AINN WHIKe-
HEPHBIX CHCTEM M OCHAIEHUIO KaYeCTBEHHBIM OBITOBBIM OOOPYIOBAHUEM.
Tak, skoHOMUYeckuit ahheKT JUITb OT MOJIEPHU3AIMHY TEIJIOBBIX ITYHKTOB B
2000 r. ko r. J[HENpPOA3epsKUHCKA TIPEBBICUI Bee oxkupanust (tabi. 7.3).
ITO CBUJIETEJBLCTBYET O 3HAUYUTETHHON 9KOHOMUYECKOH BBITO/IE aBTOMATH-
3aI[UU TEIUIOBBIX IIYHKTOB M ydeTa TEIIonoTpebaeHus: He TOJBKO BO BHOBb
BO3BOJIMMBIX, HO M B CYTIECTBYIOIINX 3AHUIX.
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Tabanua 7.3 DKOHOMMYECKMHT IGPhEeKT OT MOAEPHM3ALIMM TENAOBBIX MyHKTOB
IKOHOMMUSI JIEHEKHBIX CPEJICTB Ha OTOIJIEHNE
O6bexT SAuBapb Depaib Mapr

% Ipm. % Ipm. % I'pm.
IIkoma Ne 21 34,5 7967 35,8 6748 50,2 7742
IIkosa Ne 29 26,8 5139 21,7 3350 16,5 2050
Ikona Ne 30 40,3 8844 38,3 6780 36,3 5174
IIkoma Ne 40 32,8 7782 27,8 5255 20,6 3080

[Ipu MoEepHU3AIINY TETITIOBBIX MTYHKTOB MTKOJ TPUMEHEHO MIHUMAJIb-
HOE aBTOMAaTUYECKOe OCHAIEHNE: 3aMEHEH 2JIeBaTOP Ha HACOC, YCTAHOBJICH
PEryJisiTop TEIJIOBOTO MOTOKA | TerioMep. PeryimpoBaniie Temionorpebiie-
HUS OCYIIECTBJICHO TI0 MMOTOHBIM YCJIOBUSIM ¥ 1O BpeMeHU cyTOK. OCHOB-
HOU 9KOHOMWYECKUIT A(DDEKT MOTyUeH, MPeKe BCEro, 32 CUET HECOOTBET-
CTBUSI PACYETHOTO TEILIOTOTPeOJICHNS, TI0 KOTOPOMY PaHee OCYIIeCTBIIsIACh
oriaTa, (pakTHIecKoMy. DTO HECOOTBETCTBHUE TIPECTABIEHO B TIPOTIEHTHOM
OTHOIIIEHNH, 2 Pa3HHUIIA B OIJIATE PACYETHOTO ¥ (haKTHUECKOTO TEILIONOTPes-
JICHUST — B JIEHESKHOM BbIpaskeHuu (tabir. 7.3).

PacuerHoe TemonoTpebieHne onpeieseHo 1Mo YTBePKIACHHBIM METOIH-
KaM, UCXO/Is1 M3 YETbHBIX 3aTPaT TEeIJIOBOH sHepruu Ha 1 M? oTarminBaeMoit
mwiomazan. MakTyeckoe — perncTpupoBasioch teromepamu. [losyuentbe
JTAHHbBIE TOKA3bIBAIOT, UTO OKYTTIAEMOCTD 3aTPaT Ha MOJIEPHU3AIUIO TEIJIOBO-
IO MyHKTa COCTABJISIET He GoJiee OHOTO OTOIMUTEIBHOIO TIEPUO/IA, TOCKOJIb-
Ky 3arparbl coctasisin npumepHo 12000 rpH. IlesecoobpasHocTh Moep-
HUBAIMK TEIJIOBOTO TYHKTA /sl OTEYECTBEHHOTO MOTPEOUTESI COCTOUT He
TOJIBKO B aBTOMaTH3aIlni aDOHEHTCKOTO BBOJA, HO M B (haKTHYECKOM yUeTe
TEMJIONOTPEOTCHMS.

Yem eviue asmomamuueckoe PeYIUPOBOUHO-MEXHUUECKOE OCHAWECHUE
menJjosozo NYHKmMa, mem svlile IKOHOMUUECKULL 9@@61{7"’!.

Tepmomodepnusavus 30anuil, 6KIOUAIOUASL KOMIICKCHYIO AGMOMAMUIA-
UUIO UHICEHEPHBIX CUCTNEM U TENJIOUSONSAUUIO 02PANCOAIOUUX KOHCPYK -
yuil 30anus, npusodum x npumepno 50 % sKoHOMUU MENOBOU dHepeUl U
COXPAHEHUIO KOMMYHALLHOIX NIAMENCEU Ha NPEICHEM YPOBHE NpuU Pocme
cmoumocmu meniogou snepeu npumepno na 50 %.
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CbOPHUK BbIBOAOB

1. TenAoHOCHTEAB

Kauecmeo mennonocumeis a6isemcs ucxoonvim paxmopom sgpexmus-
HOU PadomMocnocoOHOCMU ABMOMAMUUECKO20 000PYO0BANUSL.

IIpumenenue 60002uKoIe6bIX CMecel mpedyem KoppexmuposKu 2uopas-
JIUYECKUX U MENT0BbIX NOKA3ameell cucmemvbl OMONIAEHUS, PACCUUMAN -
HOU 015t menaonocumenst 600vl. Bodonponuienziuxoiesas cmec» oKasvl-
8aEM 3HAUUMETHHO MEHbULEE GIUSHUEC HA USMEHEHUE MENT02UOPABIUYEC-
KUX XAPAKMEPUCTUK CUCTEMDbL, YeM 60009MULEHZIUKOLCBAS. CMECD.

Kauecmso 60061 6 cucmeme 2opsuezo 6000cHabICeNnUS CO BPEMEHEM YXYO-
ULaemcs, ecii NPOeKmHo U SKCNAYAMAuUONHO He obecneueno ee spdex-
muenoe (mepmuueckoe) 00e33apajrcusanue.

2. MNMpucoeanHenne aboHeHTOB

2.1.

2.2.

MpucoeArHeHHe CUCTEM OTOMAEHMS
Ocyuecmeums noiny0 asmoMamu3auuio CUCmeMol OMONICHUS. MONCHO
MOALKO € UUPKYIAUUOHHBIM HACOCOM.

Hepezynupyemoiii u pezynupyemoiii 2udposiesamop ne cozdaem docma-
MOUN020 PACNOAAZACMO20 0AGACHUS WU 0L 08YXMPYOHOLL, 1 0N 00HO-
mpyoHOLL CUCEeMbL OMONACHUS ¢ MEPMOPELYIAMOPAMU Y OMONUMEND-
HOLX NPUOOPOS U ABMOMATIUYECKUMU PELYIAMOPAMU 2UOPACIULECKUX NA-
PAMEMPOB HA CIMOSKAX TUOO NPUCOPHDLX BEMKAX.

Pezynuposarue nponyckamu menioHOCUmMeNns COLEHOUOHBIMU KIANAHAMU
Ha aOOHEeHMCKOM 6600€ NPOMUBOPEUUT CIPOUMETLHLIM HOPMAM U He-
npPUEMACMO Ot CUCTEM OTMONLCHUSL BLICOMHBIX 30AHUTL 80 6CeM MeMne-
pamypHom Ouanazone OmonuUmeIbHoz0 nepuood.

Hesasucumoe nodkmoueniue cucmemvpl OmonieHust SA6AAemcs U0eaibHbIM
peuwenuem 0nst obecneuenus ee asmomamu3auuil.

OCOBEHHOCTH NPUCOEAMHEHMSI CUCTEM OTOMAEHUSI C MEPEMEHHbBIM
TMAPABAMYECKUM PEXUMOM

B cucmemax omonnenust ¢ nepemenivim 2uOPasIUUCCKUM PENCUMOM 1e06 -
X00UMO YCMANABIUBAND NEPENYCKHOU KIANAN HA NePEMbIUKE 3G HACOCOM
aubo baiimace 80xpye 1ezo.
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2.3.

2.4.

2.5.

2.6.

2.7.
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IIpumenenue nepemvruru aubo bainaca ¢ nepenyckHbIM KIananom ocy-
UeCMBIAIOM UCXO0SL U3 YCLOBULL 0OecneueriLs pabomocnocoGHOCIU HACO-
€a U UCMOYHUKA MENJOMDL.

Hacmpoiiky nepenada dasaenus nepenyckiozo Kianana pexomenoyemes
yemanasausamy na 10 % evuue om nepenada oasnenus 8 moukax npucoe-
Ounenus nepemvruxu 1bo bainaca.

Buwi6op nepenycrinozo kranana pexomenoyemes oCyuecmeisims no pac-
X200y MeNIOHOCUMEILSl, PABHOMY MAKCUMATLHOMY PACX00Y CUCTMEMbL OTNO-
NIeHUSL.

O06Bs3Ka HacoOCoB

Boibop cnocoba u apmamypvr 06633KU HACOCA 3ABUCUTIN O MENIOBOL
MOWHOCTNU CUCTIEMbL OMONJCHUSL, MUNA U QYHKUUOHATLHBIX 0COOEHHOC-
meil Hacocos.

Mp1COEAMHEHHUE CUCTEM OTOMAEHMS C YHETOM PACTIpPEeAEAeHMUs
AABAEHUsl B TEMAOBOWM CETU

Tennoeoi nynxm xaxicoozo 30anus umeem unoUsUOYaIbHOE MEXHUUECKOe
ocHawenue.

Munumanvroe agmomamuueckoe 0CHAuEeHUe MEeni08020 NYHKMA HOPMU-
posarno mpedosanusimu CHull 2.04.07-89 "Tennoevie cemu " u uzm. No 2
x CHulI 2.04.05-91 "Omonnenue, enmunsuus u KoHouuuonuposanue ",
a makyce npedonpedensemcs MmeniozuoPaAGIULecKUMU NaAPAMempamu
mennocemu 8 OUHAMUYECKOM U CTRAMUYECKOM COCMOSHUL HA AOOHeHM-
CKOM 8600€.

3aFIOAHeHl/Ie, MOAMUTKA U ONMOPOXHEHNE CUCTEMbI OTOMNMAEHMUS
3anonnenue u noanumxy CUcCmemvbl omonJjieHusd menioHocumenem npe&—
noumumebno oCyuw,ecmeisims 06pamu0ﬁ Mmazucmpaniu menjiocemu.

KomMMmepueckuit yueT TenaonortpebaeHus
Kommepuecruii yuem mennonompebaenus ob6sasamenen 0as ecex soanuil,
NPUCOCOUHSAEMBIX K MENLOCEMU.

[MpHUCoeAUHEHME CUCTEM TOPSYEro BOAOCHAGKEHUS

Tooknouenue cucmem 20psuezo 6000CHAONCEHUS. COBPEMEHHDIX 30AHUTL K
cucmeme yeHmpaius06anHHozZ0 MenioCHAOHCEeH U NPEUMYUECTIBEHHO Pe-
AU3YIOM Uepe3 CKOPOCTHBLE NILACTIUHUATNbLE MEeNA00OMEHHUK.
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2.8.

2.9.

Oco6eHHOCTU COBPEMEHHBIX CMCTEM FOPSIHErO BOAOCHAOXKEHMS
IIpoexmuposanue cucmemvl 20psuez0 8000CHAOHCEHUSL C 2PAGUMAUUON -
HOU UUPKYIAUUCT YCLONCHACTN e OANbHETUYI0 MOOCPHUSAUUIO C NPUME-
HeHuem aepzodhPexmusnozo 060pyosanus.

Tepmopezynuposanue uupKyISuUoHHbLX MPYOonpoE000s CUCEM 20PAUe-
20 8000CHAONCEHUSL COBPEMEHHBIX 30ANHULL CO30aem 6cem NOmpeoumensim
pasuvie ycrosus odecneuenus zopsauetl 6000t ¢ mpebyemoiMu Napamen-
pami; 00ecneuusaem pauuoHaILHYI0 UUPKYASUUIO 800bL; UMEEN B03MONC-
HOCTb EPMUMECKOTE Oe3undexuuu mpybonposooos, CHUNCAET MENIONomM-
pebnenue 0o 55 %.

TenAocHabXeHUe CUCTEM BEHTUASILIMM

Tennocnabcenue karopugepos npu HATUYUYU BePOSMHOCTIU UX 3AMOPA-
AHCUBAHUS CTLEOYem OCYUCCTNEISNG 10 CXeMAM ¢ NOCTNOSHHBIM 2UOPABIU-
UECKUM PENCUMOM.

Tpexxodosvie Kaanamuvr 6 CUCMEMAX MENIOCHAONHCEHUS KAIOPUDepos
mpebyiom npoexmuozo obecneuenus ux padomocnocooHoCmu 60 6cex
IKCNIYAMAUUOHHBIX PENHCUMAX.

3. MoAepHM3aLMs TEMAOBbIX MYHKTOB

3.1.

3.2.

3amerna eudposnesamopa Ha HACOC NO360IAEM PEAIUI08ATD MHOHCECNBO
IHeP2OCOEPe2AIOUUX PYHKUUT ABMOMAMUYECKOZ0 PEZYIUPOBAHUSL MENJIO-
nompebnenust 30anUs Kax 6 MOMeHM MOOePHUSAUUL MENT0B020 NYHKMA,
Max u npu nociedyouei MoOePHU3AUUU CUCTMEMbL OMONIEHUSL U 20psue-
20 8000CHAOIHCEHUSL.

lMApaBAMUEeCcKe 0COOEHHOCTU MTMAPOIAEBATOPOB

Tudposnesamop — nuskosphexmusnoe ycmpocmeso, He couemanueecs
C NePeMEeHHbIM ZUOPABCTUUCCKUM DENCUMOM MeNIONnompedienus cospe-
MEHHO020 30aHUSL.

ABTOMaTH3aLIMs CYLIECTBYIOIIMX TEMAOBbIX MYHKTOB

Modepnusauuio menio6ozo nynKmMa OCYu,ecmeasiom Ha 0CHOBANUU Oe-
MANLHOZ0 MEXHUUECKO20 U MeNI0ZUOPABIUUECKO20 00C1e006anust abo-
HEHMCK020 66004.
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4. bAOYHbIE TEMAOBbIE MYHKTbI

Barounwiii meniogotl nynkm npedcmagisem coooill 20mosoe MexHudeckoe
pewenue 0ns adonenmckozo 6600a. Tennozudpasiuueckoe 83aumooeri-
cmeue U 2e0MempuiecKoe PAacnoioNceHue 8cex dNeMeHmos8 8 HeM OCYy-
wWecmensiem npoussooumelv.

5. O6beKT peryAMpoBaHus

5.1.

PeryAnpoBaHue TenAoBoro notoka

5.1.1. MaeanbHOe peryampoBaHue TenaoobmMeHHoro npubopa
Junetinoe ynpasienue meniosvim nOMOKOM Menioo0Mentozo npubopa —
UOeanvivlll 3aK0H Pezyuposans, Kk KOmopomy ciedyem cmpemumvcs
npu NPOEKMUPOBAHUU BOOSHBIX UNICEHEPHBIY CUCTIEM 30AHUSL.

Buwibop euda pacxoonoii xapaxmepucmuku Kianana 3asucUm om 6uod
xapaxmepucmuxu 06seKma pezyiupoaniis.

5.1.2. MaeanbHOe peryaMpoBaHue npotecca

Jluneiinoe ynpasnenue npoueccamit cmeceodpasosanus u 6000pasdopa —
UOeANLHBLL 3aKOH PezYIUPOSAHUs, K KOMOPOMY Cledyem CMmpemMumocs
nPU NPOCKMUPOBAHUU BOOIHBIX UHNICCHEPHDIX CUCTNEM 30AHUSL.

6. O60pyAOBaHME TEMAOBLIX MYHKTOB

6.1.
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Cospemenrioe asmomamuuecrkoe 060pydosanie nadeieno HoBbIMU CEOLi-
cmeamu U QYHKUUSMU, KOmopvle mpedym KoppexmuposKu mpaouui-
OHHOU OMeUecmEenHOl NPAKMUKU NPOEKMUPOBANUS MENTOBbIX NYHKMOB.

KaanaHbl
Knananwt cnedyem npumensimo coziacho ux HA3Hauenuio.

6.1.1. IponyckHas cnocobHOCTb KAanaHa

IIponycknas cnocobrocmos — 0CHOBHASA 2UOPABIULECKAS XAPAKMEPUCTIU -
Ka Kianama, Komopas yuumovleaem ezo conpomusnenue, co30asaemoe
npoxody menioHocumens.

ITodbop xranana no nPoONYCcKHOU cnocoOHOCMU, PACUEMHOMY Nepenady
0asaeHust U PaAcUemnomy pacxody menioHoCUmens npuzooen Juus OJis
onpedenenus Munopasmepa KIanama u ne Ompajicaem ezo pezyiuposoy-
HYI0 CNOCOOHOCTD 6 cucmeMme.
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6.1.2. BHewHnit aBTOpUTET KAanaHa

Pezynupyemviii yuacmox onpedensem epanunbl pacnpocmpanerus Koie-
banus dasnenus menionocumens, B03HUKAIOWE20 Npu pabome KIANAa.
Ommnowenue nepenada dasienus Ha MaxCUMAaIbHO OMKPLIMOM Klanae K
pacnonazaemomy 0ABIEHUIO Pezyiupyemozo Yyuacmka nasvieam (eneul-
HUM) A6MOPUMEmoM KAAnanda.

B npouecce pa6ombt cucmemwl obecneuenus MUKPOKJIUMAmMA asmopume-
muvl pezyaupyrowux Kianamnos, 6 mom 4ucie U pYuHovlx, USMEeHI0mcs.

Ozpanuvenus usmenenus OUana3ona GHeUHUX agmopumemnos pezyupy-
HOUUX KIANAHOE OOCTNUZAIOTM YCNAHOBKOU AGMOMAMUYECKUX OANAHCUDO-
BOUHBIX KAANAHO8 — PEZYNAMOPO8 nepenada 0asieHus Jubo 0zpanuuil-
meaetl (pezyarsamopos) pacxooa.

6.1.3. PacxoAHasi XxapakTepucTnKa KAanaHa
Dopma 3ameopa pezyiupyrouwezo Kianana coomsemcmeyem eudy uoe-
AJLHOU PACXOOHOU XAPAKMEPUCTRUKI.

Jlist asmomamusupyemoil. UHICeHePHO cucmemvl 30anus nodoupaiom
PezyupyIouwue KIanamoi ¢ Yuemom ux padoueil pacxoonoll Xapakmepuc-
MUKU.

6.1.3.1. AuHeliHas paboyas pacxoAHas XapakTepucTmKa
Pabouyio pacxoonyio xapakmepucmuky xianamna onpedensiom ezo 06-
wum enewnum asmopumemom. OOuyuti BHewHUTE ABMOPUMEN YUUMbIEA-
em uckascenue Uuoeanvoll pacxoOHOU Xapaxmepucmuxi Kianaa noo
go3deticmeuem conpomusienus kopnyca kianamna (onpeoeisiiom 6a3o6vim
asmopumemom Kianana,) u conpomuenenis OCmaibHbix JAeMeHmos pezy-
JUpyemozo yuacmya (onpeoensom eHewHUM asmopUmemom Kianana,).

Junetinas pabouas pacxoonas xapaxmepucmuxa Kiananda we npemep-
nesaem Cyuecmeenoz0 UCKANCCHUL 0T GHEULNECZ0 ABMOPUMEMA, eC €20
s3nauenue naxooumcs ¢ ouanazone 0,5...1,0.

C ymenvuenuem enewnezo asmopumema nudxce 0,5 aunetinas pabouas
PACXOOHASE XAPAKMEPUCTUKA KIANAHA 3HAUUMENLHO UCKANCACTNCSL, YMO
credyem yuumvleamo npu 00€CNeUeHUU Pe2yIuUPYeMocmu CUCTREMbL U
B03MONCHOCTIU €€ HALAOKL.
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6.1.3.2. PaBHoNpoLeHTHas paboyast pacXxoAHas XapaKTepucTika
Jozapupmuueckyio (pasHonpouenmmuyio) pacxoonyio Xapaxmepucmuxy
KAANAana MONCHO NPUOIUSUMD K JUHEUHOU NYMeM USMCHEHUS HEULHeZ0
asmopumema.

Jlozapup muueckas pacxoonas Xapakxmepucmuxa Kianama me npemepne-
saem cyuecmeennozo usmenenus npu enewnem asmopumeme 0,5...1,0.

C YmenvuleHuem sHewnezZo asmopumema HuiHce 0,5 ﬂoeapuquuuemaﬂ
pa60uaﬂ pacxoamm xapakmepucmuxa Kiaanadna 3HavumeilvHo UCKarwca-
encst, uno Cﬂeayem yuumoledams npu obecneuenuu pezyaupyemocmu 00o-
ECKMa pezyiuposanusl U 603MOMCHOCTU €20 HANAOKU.

B mennosom nynxme ons pezyiuposanus menjiogozo nomoxda meniooo-
MEHHUKOB C 8bINYKIO0L XaAPAKMEPUCTNUKOU, NPUMEHSIOM KIANAHbL C 102d-
pupmuneckoli paboueil pacxoOHoU XapaKmepucmuxoll.

Pyunvie 6arancuposourvle KIanamvl ¢ 102apupmMuueckoll paboueti pac-
X00HOT XapaKmepucmuxoli U MAaxviM 2UOPaGIULecKUM CONPOMUGLEHUCM
HAUIYMUUM 00PA30M NOOX00SM 0I5l PE2YIUPOBAHUSL CUCTIEM OMONICHUSL
€ NOCMOAHHBIM ZUOPACTUUECKUM PENCUMOM U MATBIM 2UOPAGIULECKUM CO-
npOMUGLEHUEM.

6.1.3.3. Aorapuimmuuecko-AnHenHas paboyas
pacxoAHasi XapakTepucTHKa
Knanamnwi ¢ nozapugp muuecko-iunetinoi padoueii pacxoono xapaxmepu-
CMUKOL UMEIOM 30HY NPUMEPHO JIUHEIIH020 PezYIUPO8anus 8 WUPOKOM
duanasomne usmenenus 00ue20 HeULHezZ0 asmopumemd.

Pacxodnvie xapaxmepucmuxu kianama ne npemepnesaiom Cyuecmee-
H020 usmenerus npu svewrem asmopumeme 0,3...1,0.

Knananot ¢ nozapugmuuecko-nunetinoii xapaxmepucmuxou ayyue 6cezo
100X005m 05l PeyYAUpo8anus. menio0OMeHHUKO8 ¢ JIUHEUHOU XapaKme-
PUCTUKOTL (BLICOKUM NEPENnaAcom memMnepamyp menioHOCUmens).

6.1.3.4. AvHelHO-AMHelHas paboyas pacxXoAHas
XapaKTePUCTMKA KAanaHa
Jlunetino-nunetinlil 3aKoH pezyauposaniisi 006eOUHsEM NOIOHCUMENLHbLE
uepmol IUHEUH020 U J02aPUDPMULECKO20 3AKOHOS.
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Knanano ¢ nuneiino-nuneiinoi paboueti pacxoonoi xapaxmepucmuroul
obecneuusaiom pezyauposanue no 3aKomy, no0oGHOMY K 102apudmuuec-
KOMY.

B mennogom nynxme s pezyauposaniis meniogozo nomoka meniooomen-
HUKOB C GbINYKIOU XAPAKMEPUCTIUKOU HAUNYUUUM 0OPA3OM NOOX00AM
KAANAHbL ¢ IUHETHO -IUNELHOL Padouell pacxo0HOU XapaKmepucmuKol.

6.1.4. PacxoaHble XapakTepUCTUKM TPEXXOAOBbIX KAAMaHOB

IIpumenss mpexxo0060il pezyrupyrouutl Kianam, ciedyem paccmampu-
samo ezo pabomy no 08YM NPOXOOSUUM UEPEe3 He20 UUPKYLIUUOHHVIM
KOHMYpPam.

Jlis munumusauuu Koarebanus pacxoda 6 Konmype ¢ noCmosHHviM 2uo-
DACTUUCCKUM PENCUMOM MPEXX0006020 JUHEUHO20,/TUHELUHOZ0 Pe2YNUPYio-
Wez0 K1anana ezo Conpomueierue 00xncHo Obims 6 uemvipe pasa 6oaviue,
uem conpomueienue cucmemvl (6e3 yuema conpomueieHus Kianana).

Jlis MunumMusauuu Konedanus pacxooa 8 KOWmype ¢ NOCMOSIHHbIM 2UOPas-
JUMECKUM DENCUMOM TPEXX0006020 L02APUDMUUECKOZ0,/TUNHETIHO20 TUOO
JIUHETIH020,/T02APUPMULECKO20 DeyIupyiowezo Kianana ciedyem obec-
neuumy GHeWHU agmopumen, PasHvlil eOUnUUe ¢ PeeyIupyrouetl cmo-
ponwl, a ¢ noomewusarowet cmoponst — 0,1...0,3.

6.1.5. B3auMOBAMsIHME PETYAMPYIOLMX KAAMAHOB

Hcxancenue pacxoonoil xapaxmepucmuxi noo 6030eicmeuem KoHCmpyx -
MusHbIx 0codennocmeil xianana (6a3o6vlil ASMOPUMem) u conpomuee-
HUSL JTLEMEHMO8 PEYIUPYEMO20 YUacmka (6HeWHUL asmopumem,) Modicem
CYUECMBEHHO GIUSMb HA PE2YTUPYEMOCTL 006EKMA Pe2YIUPOBAHUSL, UMO
HEe06X00UMO YUUMbLEams NPU NPOCKMUPOBAHUL U HALAOKE CUCTNEMbL,

Hanuuue na pezyrupyemom yuacme HeCKOIbKUX KAANAHO8 mpedyem
PACCMOMPEHUS. COBMECIUMOCU OUANA30HO8 UX GHEULHUX ABMOPUMEe-
mog. Jlyuwum eapuanmom npoexmmozo peuenust 8isiemcs npumeHerue
MOLKO 00H020 KIANAHA HA PELYIUPYEMOM YUaCmKe.

Jlns docmudicenus a¢ppexmuenoil pabomor 06eexma pezyiuposanus me-

00X00UMO BbLOUPAMD KAANAIH € PACXOOHOU XAPAKMEPUCMUKOLL, COOMBem -
cmeylowel xapaxmepucmuxe 006eKma pPezyiuposanus.
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6.2.
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6.1.6. KaBuTaumoHHas XapaKTepMnCTMKa KAaraHa
O0num us BAPUAHTTIOB YMEHOBULECHUS 6EPOATNHOCINU KABUMAUUU 68 DEZYIUDY -
HOueMm Kianane AsJHAemcs €20 pacnojloderue Ha o6pamu0ﬁ mazucmpajiu.

6.1.7. llymoBasi xapakTepmcTuKa KAanaHa

Ob6pasosanue wyma 8 Kiananax 3asucum om co30asaemozo UM conpo-
mugnenus u ckopocmu menionocumens. CKopocms menionocumens ne-
peod Kknananamu 6 meniosoM nynkme me 00IACHA NPeCLIUUAMD 3 M/C.

ABTOMaTUUECKME PErYASTOPbI NPSIMOTO AEMCTBUS
Asmomamuveckue pezyrsimopvl npsamozo deticmeus ne mpebyiom 0ono.-
HUMENLHBIX UCTNOYHUKOB IHEP2ULL.

6.2.1. Peryastopbl nepenaaa AaBA€Hust

Pezynsmop nepenada dasnenus na aboHenmcrKom 6600e, NOMUMO OCHOB-
HOU (pynKuuu — obecneuenus cmabuibHOU Pabomvl Meniocemi nymem
0ZPaHUUCHUS MAKCUMATDHOZO NOMOKA MENIOHOCUMENS, CO30aem Yeao-
6us A pexmuenol. pabomvL pezyupyIOwemMy KIanamy, nobluds 20
BHEUHUTI ABMOPUMEN; YAYUULAem Kauecmeo Pezyiuposanus 06oexma pe-
eynuposanus; 3awuugaem o6oexm pezyauposanus (Pezyiupyemolil yuac-
MOK) OM 6AUSHUS KOLeOAHULL OGBEHUS TMENIOHOCUMELS USEHE.

6.2.2. Peryadatopsbl pacxoaa

Pezynssmop pacxoda cmabuiusupyem pabomy cucmemvl 6 meueue -
MELHO20 6PEMEHU IKCNAYAMAUUU NYMEM KOMNEHCAUUU B03PACAHUSL
2UOPABIUMECKO20 CONPOMUBTEHUSL INEMEHITIOB CUCTEMbL O KOPPO3UU U
HAKUNU, KOMNENCAUUU KOLCOANUE 2PACUMAUUONH020 OAGLEHUS, KOMNEH-
cauuu Koaebanutl dasieHus npu padome mepmopezyismopos iy Omon-
menvHbIX NPUGOPOB, KOMNEHCAUUY KOLeOanULl 0aslenust 8 MENIOCeni.

6.2.3. Peryadatopbl Temneparypbl

Pezynsimopol memnepamypvt npsimozo 0eticmsust He ucnoiv3yom 0onoJ-
HUMEbHYI0 IHEP2UIO U NOOOEPICUBAIOM 3A0AHHYI0 MeMNepamypy 600vl
npedenax ee HOPMAMUBHO20 OMKLOHEHUSL.

6.2.4. KOMOUHMPOBaHHbIE PEryASTOpbI

Kombunuposannvie pezyasimopot 8oinoIHI0M HECKOALKO DYHKUULL, NpU-
CYUWUX MPAOUUUOHHO NPUMEHIEMBIM 8 TENTOBLIX NYHKMAX 0OHODYHKIUUO-
HALHBIM PEYNAMOPAM, HeM 00ecneuusalom ymenvuenue 2adapumos u
ynpowenue MOHMANCa menyioozo NyHKma.
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6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.2.5. [NepenyckHble KAanaHbl

Asmomamuyeckuii nepenycknoll xaanan cmabuiusupyem nepenad 0as-
JIeHUSL 8 MENOBOM NYHKME C OMKIOHEHUEM OM PACUETNHOZO SHAYECHUS 6
npedenax 30t NPONOPUUOHALLHOCTIU.

HpuM@HeHue nepenyCKHblx Kaananos npyiHcunnozo muna pexomeu&yem—
csl 015l MENJOGLIX NYHKMOB HeOONLUUX CUCTNEM OTNONJLEHUSL.

OTKAOYaOLLME KAAMAHbI
Omxmouaiowue Kianamvl 00JICHbL UMEMD MUHUMALLHOE CONPOMUBILEHIUE
0a1st 0becneueHis MaKCUMAILHBIX ASTNOPUMEMOS PezyIUPYIOULUX KIANAHOB.

ApocceAbHble Aadparmei
Apoccenvrnas duappazma, ycmanasiusaemas nepeo pezyiupyrousum
KIAnanom, yxyowaem pezyauposanue 00sexma.

Ozpanuuenue pacxooa menioHoCuUmens y nompeoumens. emecmo 0poc-
cenvnoll Quappazmol OCYULLCMEAAIONM CONPOTMUBTEHUCM MAKCUMALLHO
OMKPHINO20 KAANANA PEYAIMOPA MENI08020 NOMOKA (memnepamypoL)
U asmomamudecku nodoepucusaemvim nepenadom O0aGieHus Ha IMom
Kaaname.

BO3AYyX0OTBOAUMKHM
Asmomamuueckoe yoanenue 6030Yyxa u3 00SIHbIX UHNICCHEPHDIX CUCTNEM
30anus npoodiesaem ux cpox Ciyncoo.

DuUALTPSLI

Hadesxcnas paboma 06opydosanus meniocozo nynkma u CUCmem 30amus
80 MHOZOM 00€Cneuusaemcs OMCYmMCemeuem 3azPssHAUUX YACTIUYCK 8
menaionocumene.

O6patHble KAanaHbl M 0bpaTHble 3aTBOPbI
Koncmpyxmuenwvie ocobennocmu obpaminoii apmamypot onpedeisiom ee
mpebyemoe noroJNceHUe 8 6EPMUKANLHOL NAOCKOCTU MENI08020 NYHKMA.

TenaocueTumnkm

Ywmpaseyxosvie pacxodomepol 001a0arm He3HAUUMENHIM 2UOPAGIIU-
YECKUM CONPOMUBLCHUCM, HE UCKANCAIOM PACXOOHDIe XAPAKMEPUCTIUKU
PeYIUPYOuUX KIANAH08 U He GAUSIOM MeM CAMbIM HA YNpasieHue
00BEKMOM P2y IUPOBAHUS.
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6.9.

Modeprusauus meniosvlx nyHKMoe nymem ycmanosKu YaompassyKoevix
pacxodomepos ne mpedyem 0ONOIHUMENLHBIX CYULCNBEHHBIX 2UOPABIIL-
YeCKUX 3ampam.

INAacTUH4YaTBIE TEMAOOOMEHHMKN

Inacmunuamoui mennoobmennux obecnewusaem 6ul.COKOOUNAMUUHDLLL
npouecc Hazpesa 600bL 6 COOMBEMCMBUU C nepemMennovim menﬂozuapaeﬂu—
UECKUM PEHCUMOM CUCTMEMDBL.

Inacmunuamoui mennoobmennux ¢ OaHOCﬂ’lOpOHHu.M ﬂpuCO@&uH@HU@M
Yymenvwaem za6apumbl menJjosozo NYHKmMa u ynpow,aem O6C]ly9!€u8d7—lu€.

6.10. ABTOMaTH4eCKMe PEryAsTopbl HEMPSIMOTO AENCTBUS

242

B cospemenvix 30anusix 6ce npoueccol Yynpasienust UHICCHEPHbIMU CUCTe -
Mamu A8MOMAMUIUPOBAHDL.

6.10.1. 3aKOHbI peryAupoBaHus

syxnosuyuonioe pezyruposanue (pezyuposariie nponyckamiL) 6 menio-
8bLX CEMsAX, HANPUMED, CONEHOUOHBIMU KIIANAHAMU, 3ANPEUEHO HOPMATMUG-
HO.

II-pezynruposanue u IH-pezyruposanue — Haubonee npumensemvle 3a-
KOHbL NPU ABMOMAMUSAUUL UHHCCHEPHBIX CUCTEM 30AHULL.

6.10.2. AaTunkn Temnepartypb
Jamuux memnepamypor /langhocc nuneiino peazupyem na usmenenue
memMnepamypvl usMepsemol cpedvl.

6.10.3. DAEKTPOHHbIE PETYAATOPSI
INEKMPOHHLIM PeZyLAMOPOM Peanu3yiom sghexmusroe ynpasnenue uice-
HEPHOIMU CUCTIEMAMU 30ANUS C MAKCUMATDHBIM IHEPZOCOPENCEHUEM.

6.10.4. DAEKTPONPUBOADI

Ipu svibope snexmponpusoda ciedyem nposepsimo €20 KOHCMPYKMUG-
HYI0 COBMECTMUMOCTD C PEYIUPYIOWUM KIANAHOM U YNPASASIoueti asmo-
mamuxoti (no muny cuenana). Ckopocmv npusoda O0ouxHHaA cOOmeem-
CMBOBAMb UNEPUUOHHOCTIU CUCTEMDL, A PA3BUBAEMOE YCUlue — OblMmb 00-
cmamounvim 015 3aKpbimusl KIAnana.
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6.11. Hacocsl
6.11.1. Ob6wme cBeAeHUs
Koncmpyxmuenvie ocobennocmu 1acocoe onpeoeisiom ux pacnonoice-
Hue u 00853KY.

6.11.2. lWymoo6pazoBaHune cucCTembl

Paccmampusamy cucmemy no yposuio wymoobpasosanus ciedyem npu
3aKPLIMBIX U NOTHOCTBIO OMKPHINLIYX MEPMOPELYNAMOPAX Y OMONUMens-
HbLX NPUOOPOE.

6.11.3. LInpKyAaLMOHHOE AaBAGHME Hacoca

Brusimue ecmecmeeniozo dasienus menionocumens Heodbxooumo oue-
HUMb U NPU He0OXOOUMOCTIU YUecmb 8 UUPKYIAUUOHHOM OABIEHUU CUC-
memvt OMONLeHUs.

Yempanenue enusnus ecmecmeeniozo dasienus na 2u0PaAGIULEecKUll pe-
HCUM CUCTREMBL OMONIEHUS. OOCMUZAIOM YMEHOLUEHUCM MeMNePAmypbl
MeNAOHOCUMENLS, NPUMEHEHUEM ACTOMAMUUECKUX PE2YIAMOPOE NePend-
da dasnenus 1mubo pacxooa.

3asvluienue Hanopa rnacoca onst Ymenovienust dosu ecmecmeeniozo dasie-
HUA MENIOHOCUMETA ACNACNMCA IHEPZO3AMPATMHBIM NPOEKNMHbIM peule-
HUem.

6.11.4. Bbibop Hacoca

Om npasuvrozo evibopa nacoca 3agucum pabomocnocooHOCMb pezy.iu-
PYOWUX KIANAH08, OeCUYMHOCMb CUCTEMbL U ee IHepzoIddexmus-
HOCM®.

6.12. PacwumputeabHble 6aku
Obvem 6aka 06ycrosnen 2uoPaAGIUUCCKUM OAGICHUCM CUCTNEMbL OMONJe-
HUSL 8 HEPabouem u pabouem COCMOSHUSX, €€ eMKOCTBIO U HALUYUCM NPU-
Mecetl, CHUNCAIOUUX MeMNePamypy KPUCMALIUSAUUYL MENLOHOCUMELs.

Hesepuwiii nodbop dasnenus 2a306020 npocmpancmea 6axa npusooum x
nepuoOUUecKOMY NPOMEKAHUIO Pe3bO0BDIX COCOUHEHULL, BCKUNANUIO MENI0-
HOCUMES, Pa3pyueruio 060pyoosanus.

Komnanexcnas 3awiuma cucmemuvt OmMonieHusd ¢ 6€3HCZnOprLM baxom ynpo-
waem 3aaauy npoexmuposuwiura u axcnﬂyamauuomtoﬁ opzanusavuuu no
obecneuenuio pa6omocnoco6Hocmu CUCMEMBL ONMONJIEHUSL.
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7. JKxoHoMH4ecKas 3(P(PeKTUBHOCTL aBTOMATH3ALIMM TEMAOBbIX MYHKTOB
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Yem evlie asmomamuueckoe PeYIuUpPo6OUHO-MEXHUUECKOE OCHAWCHUE
menJjosozo NYHKmMa, mem svlile AKOHOMUUECKULL agbcﬁexm.

Tepmomodepnusauus 30anutl, BKIOUATOUAS KOMNICKCHYIO AGMOMAMUL-
3AUUIO UHMICCHEPHBIX CUCTNEM U MENTOUSONAUUIO 02PANCOAIOUGUX KO-
cmpyxuuil 30anus, npusodum x npumepro 50 % IKOHOMUU MENA0BOl
aHepeuU U COXPAHEHUIN) KOMMYHATOHOIX NIAAMENCel HA NPENCHEM YPOosHE
npu pocme CMoOUMOCU Mena08ol snepeuu npumepro va 50 %.
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