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AHHOTaAIUSA

B N3JaHUN HOI[pO6HO paccMaTpuBalOTCA BUObI TECIJIOOTHAAOMIUX
YCTpOfICTB COBPEMEHHBIX CUCTEM BOAAHOI'O OTOIVIEHUA — paAUaTOPOB,
KOHBEKTOPOB, HarpeBaTeJIbHbIX [aHEeJEN. ABTOp CTaBUJI CBOEH
sanaqeﬁ IIOMOYb YUTATCIIAM pa306paTbCH B HX MHOFOO6pa3I/II/I,
OCO6CHHOCTHX U YCIOBUAX TIPUMEHCHUA. ?)anOHYTLI BOITPOCHL
BbI60pa " pa3sMEIeHUA paguaToOpOB, pACCMOTPEHBI BaApUAHTBI TOAa4Y1
K HUM TEIIJIOHOCHUTECIIA. OT)_ICJ'ILHaH IJ1IaBa IOCBAIIEHA TEXHUYECKHUM
YCTpOfICTBaM, O6CCH6LII/IBaIOH.[I/IM KOM(bOpTHOC N SKOHOMHNYHOC
ITIOJIb30BAHUEC OTOITUTCIIbHBIMUA HpI/I60pa.MI/I, - paaruaTOpHbIM
TEPMOPETYJIATOPAM, 6aﬂaHCI/IpOBO‘IHbIM, 3alIOPHbIM  KJIA[lAHAM U
T. O. Kuwura OPUEHTHUPOBAHA Ha qUTATEIEN C Ppa3/IMYHbIM YPOBHEM
HpO(peCCPIOHaJILHOﬁ NOArOTOBKHU, BKJIIOYAS PAOOBBIX OJIL30BATENEN.



Conep:kanue

BBenenne
1. OtonuTenbHbIE TPUOOPHI OCOOEHHOCTH
KOHCTPYKIIY Y IPUMEHEHUS

1.1. YyryHHBIE CEKLIMOHHBIE PAIUATOPBI
Koner| 03HaKOMHUTETBHOTO (PparMeHTa.



OTonureabHbIE
NPHOOPHI U MOBEPXHOCTH

Hzoamenvcruii Llenmp «Axea-Tepm» evipasicaem
onazooaprocme  xonourzy «CaAHMEXKOMNAEKN»  3d
IKCNEPMHYIO NOMOWL NPU  CO30AHUU  KHUeu, 3da
npedocmagnertovle POMOMamepuanslt U UAMKOCMPAyUL.

BBeneHnue

[leHTpanbHasA TeMa TOW KHUTU — PAJUATOPhl U KOHBEKTO-
Pbl CHCTEM BOISHOTO OTorUleHHsl. CerofiHsi X PhIHOK OTJIMYa-
eTcsl MHOrooOpasueM M CcriocoOeH MPeJoCTaBUTh I KakI0ro
KOHKPETHOTO ClTy4asi pelieHre, Hanoosee MOoIXoAsIee C TOUKU
3peHUs] TEXHUIECKUX XapaKTePUCTHK, HaJeKHOCTH, JIOJTOBEY-
HOCTH, JIM3aiiHa U 1IeHbl. B CBOI0 ouepenb, OTONUTEIbHbIE TTPU-
OOpBI IPEABSBIISIIOT OIPe/ie/ICHHbIe TPEOOBAHKS K YCIOBUSAM HX
sKcIUTyaranmu. Hecobmonenne atix TpeGoBaHU MOKET 00ep-
HYTbCsI YOBITKAMH He TOJIBKO JIJIs1 KOHEUHBIX TIOTpeduTeNel, HO U
IUTSL IPEANPUSITUH, TOMYCTUBIIMX OIMIMOKY TPH BHIOOPE U MOH-
Take o0opynoBanus. Hemasno mpoGieM BEI3OBET TaKKe YCTaHOB-
Ka HEKQ4eCTBEHHOT'O Pa/IuaTopa, KaK U UCTIOJIb30BAHUE ITPH TTPO-
EKTHUPOBAHUH HEJIOCTOBEPHBIX JIAHHBIX O MPOYHOCTH U TEIIOOT-
Ja4e OTOMUTETbHOTo pubopa.

Llenp naHHOTO M3JAHWS — MIOMOYb YMTATENIsIM Pa300paThCs



B TEXHHMUECKUX OCOOEHHOCTSIX, BOBMOXHOCTSIX U HIOAHCAX TMPH-
MEHEHUsI COBPEMEHHBIX PaIUaTOPOB U KOHBEKTOPOB, YCTPOUCTB
peryJIMpoBaHusI UX MOIIHOCTH, IPOUYMX aKCECCyapoB, CIIOco0ax
TIO/IKJIIOUEHU ST, CXeMaX Pa3BOJIKH TETJIOHOCUTEJIsI, TIOMYYHUTh OT-
BEThI Ha LIEJIBIA PSAJ] IPYTUX BOIIPOCOB.

C yderom pacTyien NoIyasspHOCTA CUCTEM MOBEPXHOCTHO-
ro odorpesa (HaroJbHOTO, MOTOJIOYHOTO, HACTEHHOT0) B KHUTY
BKJIIOYEH pasJiell, MOCBSIIEHHBIA 3TUM TEXHOJIOTUSIM.



1. OTonuTeIbHBIE
npuOOPbI 0COOEHHOCTH
KOHCTPYKIIMH ¥ IPHMEHEeHH S

CoBpeMeHHbBIIl PBIHOK PAaAMAaTOPOB OYEHb Pa3HOOOpPA3EH:
CTaJIbHbIC, YYTYHHBIC, ATIOMUHUEBBIC, OUMETAJUTMUECKUE TTPUOO-
Pl aKTUBHO KOHKYPUPYIOT Mek/1y coO0i. BaskHyto posb B O0pb-
Oe 3a MoKymaTesisl UTPaloT BHEITHWIA BU U CTOMMOCTh M3JIENHS,
HO Ha NIEPBOM ILIaHE OCTAIOTCS €r0 TEXHUYECKHUE U IKCILTyaTallu-
OHHBbIE XapakTepucTUKU. He BcsAkuil prOop, Kak UMIIOPTHBIM,
TaK U OTEUYECTBEHHBIN, BBIIEPXKUT, HAIPUMED, YCTIOBUS pabOThI
B JICMCTBYIOIIMX POCCUMCKHUX CETSX LIEHTPAJIBHOIO OTOILJICHHMS.
HanomuuMm, 4TO B Hallleul CTpaHe pacyeTHasi TeMIlepaTrypa Ter-
JIOHOCHUTEJISI B CUCTEMaX, BHIIMOJTHEHHBIX IO OTHOTPYOHOM cXeme,
cocrasiisieT 105 °C; naBiieHre B BBICOTHBIX 3JIAHUSIX MOXKET JIJIU-
TeJIbHOE BpeMs nojaepxuBarbcs Ha ypoHe 1,0 Mlla, uHorma
npeBbias 3To 3HaueHue. [IpudaBbTe rUIpaBINYECKUE YAAPHI,
KOTOpbIE UMEIOT MECTO B LIEHTPAJIM30BAHHBIX CCTEMAaX MPH ITyC-
K€ HACOCHOTO OOOPYHIOBaHUSI, 1 HU3KOE Ka4eCTBO BOJIBI (BBICO-
KOE COZIEp)KaHue KUCIOPOAA, COJIEH, IIEI0YH, KeJe3a, B3BEIICH-
HBIX YaCTHI] U T. [1I.). BOJBIIIMHCTBO COBPEMEHHBIX PaJMATOPOB
MPEIbSIBIAIOT K TEIUIOHOCUTETIO TpeOOBaHHsI, KOTOPbIE HEBO3-
MOXHO OOECIeUUTh B OTKPBITHIX CUCTEMAx OTOIUIeHWs. EnuH-
CTBEHHBIM B HaIlleW CTPAHE JOKYMEHTOM, PEerIaMEHTUPYIOIUM



rapaMeTpsl BOIBI B CUCTEMaxX TeIlJIOCHAOKeHUs, ABysioTcs [1pa-
BUJIa TEXHUUYECKOM IKCIUTyaTallUY MEKTPUUYECKUX CTAHIUI U ce-
teit P®. OnHako naxe nmpu CTporoM COOMIONEHUH U3T0KEHHbBIX
B HEM HOPM (UTO JaJIEKO He Bceraa ObIBAaeT Ha MPAKTHKE) Mapa-
METPBbI TEMJIOHOCUTEIISI MOTYT HE COOTBETCTBOBATH TEM, KOTOPBIE
HEOOXOIMMBI JIJIs1 1ONTor U 3 GEKTUBHON PadOTH OTOMUTE b~
HOTO mpuodopa.

OpHako B OTEUECTBEHHOM TEIJIOCHAOKEHUW BCE vallle MpH-
MEHSIIOTCSI 3aKPBIThIE PACIIUPUTESIbHBIE OaKU, TBYXTPYOHAsI CXe-
Ma, aBTOHOMHBIE (B TOM UYHUCJIE — HU3KOTEMIIEPAaTyPHbIE) U HE3a-
BUCHMBbIE CUCTEMbI OTOTUICHUS (SHEPTHUs U3 TETUIONEHTPaIU T0-
CTymaeT B HUX 4epe3 TeriooOMeHHUK). [ToatoMy poccuiickum
PBIHKOM BOCTPEeOOBaHBI KaYeCTBEHHBIE PaIMaTOpPhbl PA3HOTO TH-
na, — IJIaBHOE MPUMEHSTh UX B CUCTEMaX C TEMU MapaMeTpaMu,
Ha KOTOpbIE OHU PACCUUTAHBI.



1.1. YUyryHHble CeKIIMOHHBbIE PaAATOPbI

UyryHHble CEeKLIMOHHbIE pauaTopbl — OTONUTENIbHbIE TPUOO-
Pbl, TPAAULIMOHHO Haubosee BOCTPeOOBAaHHBIE B HAIIEH CTpaHe.
C pacripocTpaHeHleM Ha POCCUICKOM phIHKe 0ojlee COBpEMEeH-
HBIX BUJIOB PaJMATOPOB Y KOHBEKTOPOB UX JI0JIsI YMEHBIIIUIIACh.
OnnHako Onaromapsi mosinenuo umnoptaeix (Yexus, Typuus,
Kuraii) 1 oTeyecTBEHHbIX MOJEJIE, BIIOJHE KOHKYPEHTHBIX IO
IU3aiiHy U (PyHKITMOHAIBHOCTH, IOJISl 9yTYHHBIX IPUOOPOB B 00-
1eM 0ObeMe MPOAIAK PAAUATOPOB M KOHBEKTOPOB OCTAETCSI Y HAC
Ha ypoBHe 50 %.

KoHCTpyKIIMsI YyT'yHHOTO pajvaropa BKJIIOYAeT KOJOHYAThIe
3JIEMEHTHI C KaHAJIaMU KPYTJION WM JuriconiHou popmbl. Cy-
IIECTBYIOT MOJEJIH, CEKLIMU KOTOPbIX MMEIOT pa3HOe Ynciio (0f-
HY, /IB€, TPH, YEThIPE) BEPTUKAIBHBIX KOJIOHH, HO HanboJee pac-
MPOCTPAaHEH ABYXKOJIOHHBIM BapUAHT.

Otmerum: o 'OCTy 8690-94 «Paguaropsl otonutesbHbIE
uyyrynssle. Texunueckue ycnoBus» (IIpunoxenne IV) cexum-
€l Ha3bIBAETCS JIEMEHT PaAMATOPa, UMEIOIIMI OIHY KOJIOHKY, a
OJIOKOM — HECKOJIbKO KOJIOHOK T10 €ro (ppOHTY B OTHOM OTJIMBKE.
CoOTBETCTBEHHO, MPUOOP, COCTOSIIMNA U3 IEMEHTOB MEPBOTO
THUIMA MPABWJIbHO HA3bIBaTh CEKIIMOHHBIM, a U3 JIEMEHTOB BTO-
pOro THUra — OJIOYHBIM.



«Kuaccuka xanpa»: moaens MC-140-500

Mesxay coOoii cekuu (Wir OJTIOKM ) COSTUHSIOTCS C IOMOIIIBIO
PE3bOOBBIX HUIITIENICH, KOTOpbIe, KaK U CaMH CEKIIUW, UMEIOT C
OJIHOU CTOPOHBI TIPABYI0 pe3b0y, C APYTroil — JIEBYIO.

B crpouTenbHOI TPaKTUKE YyT'yHHbIE PAIUaTOPhI MOCTABIISI-
I0TCS ¢ 3aBoAa COOpKaMU M YXe Ha OOBbEeKTe TPyNIHUpyoTCs B
IpUOOPH TOM MOITHOCTH, KOTOpask MpeaycMOTpeHa MPOEKTOM.
(OTcoenuHeHre U MOACOEIMHEHNE CEKIIMI MPOU3BOISAT C IOMO-
IO CHEIMATIbHBIX KJTI0YeW; paguaTopbl MPU 3TOM 3aKperuisi-
I0TCS1 Ha BepcTake; padoTy BBIMIOJHSAIOT JIBa yesioBeka.) B mpu-



COEAVHUTENIbHbIE OTBEPCTHSI KOHEYHbIX CEKIIMiI BBUHUMBAIOTCS
DJIyX¥ie MPOOKU, B TOUKAX MOJKJIIOUEHUs IpUOopa K Tpyoorpo-
BOJIHOM CETU — MTPOXOJHbIE. B KauecTBe YIJIOTHEHUI UCTIONb3Y-
I0TCS POKJIAIKU U3 TEPMOCTOMKOW PE3UHBI WJIM NTAPOHUTA, B 3a-
BUCUMOCTH OT TEMIIEPATypPbl TETLLIOHOCUTEJIS.

Cormacio I'OCTy 31311-2005 «IIprOGopbl OTOMUTENIBHBIE.
OO11eTeXHMYECKUE YCIIOBUSI», CEKIIUY IyTYHHBIX paJMaTOpOB U
paariaTopHble TPOOKH TOTKHBI OTJMBATHCS U3 CEPOTO UyTyHA €
wiactuH4yaThiM rpagurom no 'OCT 1412, Hunnenu — U3 KoB-
xoro (I'OCT 1215) wmm Beicokonipounoro (I'OCT 7293) uyry-
Ha. Jlormyckaercss NpUMEHATh HUIIIENN U3 YIJIEPOAUCTON CTaIN
OIpE/IENIEHHBIX MAPOK.

[IperMyI111eCTBO CEKIIMOHHON KOHCTPYKLIMU — BO3MOKHOCTb
NOJyYUTh TPUOOP, TOYHO COOTBETCTBYIOIIMN TMOTPEOHOCTSIM
OTaIuIMBaeMoro rnomenieHus. Kpome toro, B ciryuae noBpexie-
HUs1 OIHOUM WJIM HECKOJIbKMX CEKILIMI CYIIECTBYET BO3MOXHOCThb
3aMEHUTb TOJIbKO BBIIEIINE U3 CTPOSI JIEMEHTHI, & HE BECh Pa-
JUaTop.
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KoHCTpyK1IMsI CEeKIIMOHHOTO YYT'YHHOTO paguaTopa

BasHeiiriee Ka4eCTBO YyryHHBIX OTOMUTEIBHBIX TPUOOPOB —
YCTOMYUBOCTb K KOPPO3UH, HEBOCIIPUUMYHMBOCTh K TIJIOXOMY Ka-
YECTBY TEIJIOHOCHUTEISI, KOTOPbIM MOXKET CITY>KUTb KaK BOJa, TaK
u nap temreparypou 10 130-150 °C, B 3aBUCMMOCTH OT MOJIENIN
paguaropa. Takoe CBOICTBO MaTeprasia OOBSCHSETCS, B YaCTHO-
CTH, HAJIMIHEM 0COOEHHO IMTPOYHOTO MOBEPXHOCTHOT'O CJIOS C TIO-
BBIIIICHHBIM COJIEp)KaHUEeM KPEMHHUSI, KOTOPbI 00pa3yeTcsl mpu
pa3iIuBKe MeTala.

UyryHHble pajuaTopbl 3HAYUTESIBHO MEHee IPYrux MoaBep-
JKEHbI BO3JEUCTBUIO PACTBOPEHHOIO KHUCIIOPOAA U TBEPABIX Ya-



CTHULI, MPUCYTCTBYIOIIKX B TEILIOHOCUTEJIE, & TAK)KE KUCJIOTHOM
Y IIEJIOYHOU CPEJIbI.

Bosnblioe ceyeHre BHYTPEHHMX KaHAJIOB 9TUX OTONUTEIIbHBIX
npuOOPOB JIesIaeT He CTOJb KPUTHUHBIM 0Opa30BaHUE OTJIOKE-
HUH NIPY UCTOJIb30BAHUM KECTKOM BOJIbI MJIM HAKOIUIEHUE 111J1a-
Ma, MMEIOIErocsl B M3HOMIEHHBIX CETSIX. DTO 00yC/IaBIMBaeT
TaKk€ Majoe TMAPABIMYECKOE COMPOTUBIIEHHE, MTO3BOJISIOIINE
UCTIOJIb30BAaTh UyTYHHBIE PAIUATOPBI B CUCTEMAX C €CTECTBEHHON
LU PKYJISILIMEN TeTJIOHOCUTEJIS.

Tem He MeHee, B TEXHUYECKOM M HOPMAaTWBHOW JOKyMEHTa-
LIUM, PEIJIAMEHTUPYIOIIEH YCIOBUS SKCILTyaTallii YyTyHHBIX pa-
JMATOPOB, OTOBAPUBAETCS, YTO KAUECTBO TEIJIOHOCUTEJIS (Topsi-
Jell BOJIBI) JIOJDKHO OTBeuarh TpeOoBaHusaM [IpaBun TexHude-
CKOM 3KCIUTyaTalluy JeKTPUYECKUX CTaHIMKU U ceterl Poccunii-
ckoit Peneparuu (maon. 1.).

Tabn. 1. OcHoBHBIE TPeOOBaHMS K KAueCTBY TEIIOHOCHUTE-
71 contacHo I TpaBuaM TeXHUYECKOM SKCILTyaTalliy IeKTprude-
CKHX cTaHIui U ceten PO



3Ha4eHHA NOKB3ATENEH [NA CHCTEM TENNOCHAtKEeHHA

S IR - OTepLIThI SaKpuiThie
BofopooHsid nokasarens pH:

- ONTUMaNeHBIE 3HE4EHMA 8,3-9.0 83405
- OOMYCTHMEIE 3HAHEHUA B0-05 8.0—9.5
CofepxaHe pACTEOPEHHOTD 20 20
KMCMOPOOA, MK, He Gonee

CofepxaHue coequHeHni 03 05
Menesa, Mrn, He Gonee

O61Wan #eCTKOCTE, MM-3KE/T, 0.7 07
HE Bonee

KONM4eCTED BIBELUEHHEIX 5 5
ESLWECTE, MMM, He BOnee

He cootBercTBYeT TpeOOBaHUSM HOPMATUBOB U YTBEpKjie-
HUE, YTO U3 CUCTEMBbI C YYTYHHBIMH PaIMaTOPaMU MOKHO CKOJTb-
KO YTOJHO YacTo Cc/IMBaTh BoAy. B yactHocTH, cornmacHo [OCTy
8690-94, oHM IOJKHBI OBITH IIOCTOSIHHO 3aI0JIHEHBI BOIOH KaK B
OTOIUTEJIbHBIE, TAK U MEKOTOMUTENIbHBIE TeproIbl. ONOpoXkKHe-
HUE CHCTeM OTOIUICHUs JIOMYCKAeTCs TOIbKO B aBAPUIHBIX CITY-
Yasix Ha CPOK, MUHUMAJIbHO HEOOXOAMMBIH JIJ1s1 yCTpaHEHU ST aBa-
puu, HO He 6osiee 15 cyT B TeueHue roja.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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