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Tennonepe,u,aqa nrngpasianyeckad
6aﬂaHCVIpOBKa B CUCTEéMaX OTOIMJ1IEHNA

Mpodeccop 1 HOKTOP TEXHUYECKUX HayK PanHep XupLibepr, AUNIOMUPOBaHHbINA NHXKe-

Hep XaHc-lOpreH Xanrnp*

OTcyTCTBME rMAPABANYECKON GanaHCMPOBKM U HEAOCTaTOYHblE TeMMepaTypbl Ha Mo-
BEPXHOCTW B CBA3M C HU3KUMM TEMMEPATypaMmn CUCTEM OTOMSIEHUA MOCTOSHHO CTaHO-
BATCA MpuyvMHamy AedpeKToB pacnpepeneHus v nepepaqn Tensa npu ocywecTBieHnn
oTorieHuns. JIerko peanvisyemas Ha NpakTUKe ryugpaenvyeckas 6anaHCUPOBKaA, a TakxKe
yBeNnUyeHne 4onv U3nyyeHus npu paborte MiIocKrx PagnaTopoB OTOMJIEHNA HA HEMO-
HYI0 MOLYHOCTb MOTYT UCMPABUTb CUTYaLMIO 1 MOBbICUTb 3GHEKTUBHOCTL Mepedauv u
pacnpepenieHns Tensa. MosToMy B HacTosAweM Aoknage OyaeTt npepcTaBieH npubnu-
XKEHHDbII MeTOZ, NPV KOTOPOM C NMOMOLLbIO MPEABAPUTENIbHO HACTPOEHHbIX B 3aBOACKMX
YC/IOBMAX TEPMOCTATUYECKMX KSTaMaHOB MOXKET OCYLLEeCTBAATbCA MMApaBnyeckasn pery-
NIMPOBKa CUCTEM OTOMNEHUsA C pasMepoMm oTannvsaemol nnowaau 1000 m>. lononHu-
TeSibHasA SKOHOMUSA SHEepPruv, KPoMe Toro, AOCTUraeTCcA B pesysibTate KOHCTPYKTVBHOMO
YBENNYEHUNA 4OV TEMOTbI U3MTyUYeHUA MAOCKUX PafraTOPOB OTOMIEHUS.

OCHOBOW BCEX METOAI0B OLIEHKM
3Hepros¢PpeKTMBHOCTN  CUCTEM
OTOM/EeHUsA, Kak Mpasuno, ABNA-
€TC OPWEHTMPOBAHHBINA Ha Mo-
TpebneHue nopXoA, KOTOpblA B
KauyecTBe CyLLECTBEHHOrO KpuTe-
pusa yumTbiBaeT co3gaHue TepmMu-
yeckoro KomdopTta MnomeLieHnin
Kak oTnpaBHyto BennunHy. OgHUm
13 3TVX KpuTepues KomdopTa fB-
NAETCA «ornepaTuBHaA» WU «BOC-
nprHYMaemas» Temrnepartypa no-
MeLLeHus.

OHa cKnagblBaeTca 13 Temnepa-
TYPbl U3MyYeHUA OrpaxgaloLynx
NoBEepPXHOCTEN, B TOM yucne no-
BEPXHOCTEN OTOMNEHUS, a TaKXe

TemnepaTtypbl BO3AyXa.

YnyyweHHaa TennosaA 3awuTa
HbIHEeWHVX 3[aHWin NPUBOANT B
COBOKYMHOCTW K CHUXKEHUIO OTO-
NUTeNbHbIX Harpy3okK. Tak Kak npu
pacyeTe BHYTPEHHUWE WCTOYHUKM
Tenna BO BHUMaHWe He MPUHU-
MaloTCA, B XOAe 3KCnnyaTaumu
3TO [OMNOSIHUTENIbHO MPUBOAUT K
TOMY, YTO UCMOJIb3yemble CeroAHA
paguaTopbl OTOMMEHUA B OCHOB-
HOM paboTalT Ha HerosHyl

CraHfapTHbIN NNOCKUIA pagnaTop
oTonseHna

MOLYHOCTb — C COOTBETCTBEHHO
6onee HU3KMMK TemmnepaTypamm
noBepxHOCTe 1 [ONAMU U3NY-
yeHuA. Mpy 3TOM KpUTEPUN KOM-
¢dopta B cooTBetcTBUM € DIN EN
ISO 7730** (OnucaHue ycnosuii
TennoBoro komdoprta) ¢ TPyaom
noppattca  cobniofeHuo. KoH-
CTPYKTVMBHOE YyNyylleHue A[onu
M3JTyUeHNA TOBEPXHOCTel OTo-
nneHna v, cnefoBaTesibHO, Tenso-
BOro KomdopTa npu pabote Ha

Therm X2

*) [pogpeccop u dokmop mexHu-
qeckux Hayk PatiHep Xupwb6epe,
UHCMuUmMym 8 AxeHe; OUNJIOMU-
po8aHHbIU uH)eHep XaHc-tOpaeH
Xatizne, npodykm-meHeOxmMmeHm
omonumesibHOU MexHUKU KoMNd-
Huu «Kepmu [m6X»

**) Cmanoapm DIN EN ISO 7730
umeem mex0yHapoOHoe npouc-
XOXO0eHUe U onucbigeaem memoo
Npo2HO3UPOBAHUS MENsI08bIX
owyweHul 4e108eKa 8 yco8usix
YMepeHH020 K/TuMama nomelye-
Hus. CmaHdapm ycmawassugaem
Kpdesble yc/108us Kumama
nomeujeHuli, KoOmopbie OO/IKHbI
npugooUMb K 00CMUXEHUIO Y
nosib308ameris OWyweHuUs me-
ni08020 Komgopma.

()
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Bpema B MyUHyTax npu maccosom notoke 10 %

PucyHok 1: ®a3sbl pasorpeBa B CpaBHEHUN: CJIEBA — XapaKTePUCTUKN
CTaHAAPTHOrO NJIOCKOro pafnaTopa OTONNEHNs, CNpaBa - 3HauuTenNb-
HO 6bicTpee AOCTUrHYTas, 6onee paBHOMepHasA KapTWHa BapuaHTa
NCNONHEHNA C NOC/IejoBaTeNIbHbIM NPOTEKAHNEM TEMIOHOCUTENS.

HEMNOJIHYO MOLHOCTb MOXeT 6bITb
KOHCTPYKTMBHO AOCTUTHYTO 3a
CYeT CXembl nocnenoBaTesibHOro
BK/IIOYEHUA MaHesle OTOMneHuA.

OonTumumMsauua Tennonepe-
Aaun 3a cYeT nocnepoBa-
TeNIbHOW CXeMbl

[NoBepxHOCTN oOTOMMEHNA B
HacToAllee BpemA Ha Mnpo-
TAXeHun Gonee uyem 90 %
BpemeHn paboTbl oTomnneHua
OYHKUMOHMPYIOT Ha Henon-
HYI0 MOLHOCTb C MasbiMu
o6bemMHbIMU NoToKamu. B cBa-
31 C COKpalleHnem pacxopa
TensoHocuTeNA TemnepaTtypa
Ha NOBEPXHOCTW PajMaTopoB
oTonneHua Jaxe npu pabote
OTOMMIEHNA B HENpepbiBHOM
pexunme nagaeTt Ao 3HaYeHUN
Hue 40 °C, B pe3ynbTraTe Yero
[0oNA 13yYyeHuA MOBEepPXHO-
CT OTOMNMIEHNA OKa3blBaeTcA
oyeHb Hu3Kow. Bcnepctsue
BO3HMKalowero gepuumta Te-
NAOTbl M3/lyYeHNA Y NONb30Ba-
TenA 3avacTylo CKnagblBaeTca
BreyaTieHne, 4to oTonneHne
He paboTaet. B 3Tom cnyuae
Tennosow KoMpopT ABnAeTCA
HeAOCTaTOUYHbIM.
KoHcTpyKuua  pacnpoctpa-
HEHHbIX Ha PbIHKE MNOCKNX
pagmaTopoB  OTOM/eHUA B
MHOFOC/IOMHOM  UCMOSIHEHUN
TakoBa, 4YTO TenJoHOCUTENb
npoTeKaeT yepes HMX Mapan-
nenbHo. Mpn 3TomMm 06beMHbIN
NoTOK pacnpefensAeTca pas-
HOMEPHO Mexfay nepefHen u
3afHen naHenaAmu.

Mpounzsoagutens «Kepmu» B
cllyyae € MHOTOC/IOMHBIMU
NJIOCKMMUN pagmaTopamm oTo-
nnedma  tuna  «Therm-X2»
naeT apyrmm nytem. Ha stmx
MOAeNAX MepepHas naHesb
BKJIlOYAeTCA nocsieqoBaTtesb-
HO C pPacrofioXKeHHoW no-
331 Hee MaHenblo, U Tenno-
HOCUTENb, TaKMM 06pasoMm,
CHayana npoTeKaeT uyepes
nepeaHIol0 naHesb. 3Ta Mepa
ynyuliaeT OVHamMuyeckme
XapaKTepUCTUKN  paguatopa
oTonneHusa, Gnarogapa uyemy
NPOJOMKUTENBHOCTL  dasbl
pa3sorpeBa B cpeiHeM COKpa-
waetca. iccnepoBaHua n pac-
yeTbl MoJenen nokasanu, Yto
No CPaBHEHUIO C MAOCKUMU
pagmaTopamn  OTOMSIEHUA C
napanfenbHbIM NpoTeKaHNEM
TENNOHOCUTENA [OCTUraeTca
coKpalleHne ¢a3bl Harpesa
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PI/I(yHOK 2: B HopmanbHOM peXXuMme CHauyana HarpeBaeTcs BcA nepef-
HAA NaHeNnb NJIOCKOro pagnatopa oTor/ieHMA C nociefoBaTe/ibHbIM
npoTeKaHneM TenoHocuTens. 3afHAA, XoNnogHasA NaHeNnb OTONIeHNA
Ha AaHHOM 3Tane ob6ecneymBaeT JONONIHUTENbHOE 3KpaHupoBaHune
oT Hapy)KHOI?I CTEeHbl.

npunbnnsnTenbHo Ha 25 % [1].

B pesynbrate yctaHOBneHuA
6onee BbICOKOW Temmnepaty-
pbl MOBEPXHOCTY AOCTUraeTcA
3HauuTenbHo 6Gonee BbICO-
Kaf JonsA M3flyyeHusa npu Te-
nnonepepaye. B pacuyetHom
cnyvyae (paboTa Ha MNOMHyO
MOLLUHOCTb) YBeSIMyeHme Jonu
N3Ny4YeHUA nepepHen naHe-
nn coctasnaet go 10 %, B 10
BPeMs Kak B pexume paboTbl
Ha HEMOJIHYI0 MOLLHOCTb POCT
coctaBndaet go 100 %. OgHo-

BPEMEHHO C 3TUM B pPe3YyJib-
TaTe YCTaHOBJIEHUA 6onee
HU3KOM Temnepatypbl 3afHUX
naHenem [octuraetca COKpa-
weHne nyymncrtoro Tennoo6b-
MeHa I'IpVI6J1I/I3I/IT€J'IbH0 TOro
XKe nopAafka, Yto n 'y Tpagun-
LUMOHHbIX 3KPAaHOB 3alnTbl OT
n3nyyeHnA nepen OCTeKneH-
HbIMW nowagAamMmun.

Kak nokasanu mccnegoBaHus
C MCMNosb30BaHNEM CTaTuye-
CKUX W JUHAMUYECKMX MO-
fJenen pacyeTa, 3a CYeT 3TON

[J1HaMnyeckre apakTepuUCTUKN

Mpumep: Tnn 22, KOHCTPYKTUBHAA BbicoTa 600, KOHCTPYKTVBHAA AnnHa 1000
OT COCTOAHUA NOKOA A0 HEOOXOAVNMOI TENNOBON MPOU3BOAUTENBHOCTI

npu maccosom notoke 100 %.
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CTaHAapTHBIN NNOCKMNIA
paavaTtop oTonneHus

KnanaH oTKpbIT nonHocTbio 800 ¢
MpoussoauTenbHocTb = 1158 BT
(70°C/55°C)

TO nocne 200 c =43,5°C
T,nocne 800 c=42°C

T, = CpeaHas Temnepatypa noBepxHoCTI
T, = TemnepaTtypa 06paTHOro notoka

* WcTouHuk: iccnegoBatenbckuin foknag
npodeccopa 1 AOKTOPa TEXHUYECKIX HayK
PainHepa Xvpwbepra «JuHamuyeckne
XapaKTepUCTUKN 1 SHepro3aTtpatbl MIOCKOro
paanaTopa OTOMIEHVA C NOCNeA0BaTEIbHO
CXeMOWi BKITIOUEHUA NaHenem».

CoKpalueHne BpemMmeHn

pasorpeBa 25 %
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Mnockuit paavatop oTonneHus
Kepmu Therm X2
KnanaH oTKpbIT nonHocTbio 600 ¢

MpowussoauTenbHocTb = 1158 BT
(70°C/55°C)

T, nocne 200 ¢ =50 °C

T, nocne 600 ¢ =36 °C

Bnaropapa npyHUVNY BYCTOPOHHE
KOHCTPYKLMM (X2) COKpalleHre BpemeHn
BbIXOAa pajguaTopa otorieHua Therm X2
Ha ypOBEHb ero Heo6X0AMMONI MPON3BO-
ANTENbHOCTK CoCTaBnAeT Jo 25 %

PucyHok 3: B o1HaKOBbIX KpaeBbiX YCJI0OBUAX MPU NCNONb30BaHNN
naHeneli OTONNEHNA C NocnefoBaTeNbHbIM NPOTEeKaHNEeM TerNJIOHO-
CUTenA AOCTUraeTcA COKpaljeHne BpeMeHU pasorpeBa BeNNYMHON

Ao 25 %.

nocnenoBaTeNibHOW  CXeMbl
MOXHO [06MTbCA 00Lero co-
KpalleHna pacxofa SHepruu
BenuunHom ot6 o 10 % [1][2].

YnpouieHHaa rugpasnnye-
cKanA 6anaHcupoBKa

Btopas npo6nema 3akmioyva-
eTca B mepefjave Temnia no-
MELLEHMIO B 3aBUCMMOCTN OT
ero noTpeGHOCTU B TAaKOBOM,
uTo MMeeT  MPEeAnOCHIIKOW
npegocTaBneHne Heobxoau-
MOro 06bEeMHOro MOTOKa 1
Heobxo4MMo  Temnepatypbl
TennoHocuTens. Mostomy ru-
Ipaenuyeckas 6anaHCUMpoBKa
Tpy6onpOBOAHON OTOMUTESNb-
HOW ceTn ABNsAeTCA o6A3aTesb-
HbIM YC/IOBMEM Hag/iexallero
GYHKLMOHNPOBAHNA CUCTEMDI
oTonsieHus. Ha npakTuke e
STOT acmeKkT Mo-npexHemy
BeCbMa HEAOCTAaTOYHO MPUHU-
MaeTCs BO BHUMaHMe,

Mo 3Tol npuumHe Hecba-
NaHCUpOBaHHble  Tpybonpo-
BOJHble OTOMMWTENbHblEe CeTU
NPeAcTaBnAlT CoboN Takke
N caMylo pacrnpoCcTpaHeHHyo
NPUYMHY  peKnamaLMOHHbIX
3aABfeHnn. Bo mHorux cny-
yasx Ha npaKkTike 6anaHcu-
poBKa He MpefnpuHMMaeTCs,
MOCKONbKY ANA onpeaeneHns
anddepeHUMpPoBaHHbIX  3Ha-
YeHUn npeaBapuUTesbHON Ha-
CTPOMKN  TePMOCTaTUYECKNX
KnanaHoB TpebyeTcA aetasnb-
HbI pacyeT Tpy6onpoBOAHOIA
ceTwn, a TaKkxKe ocyLlecTBfieHne
COINTAaCoOBaHHOM C HUM WHAU-
B/AYa/IbHON HACTPOWKM Ha
MecTax.

STa cuTyauma MoxeT BbiTb nUC-
npasneHa C NOMOLblo Npeg-
BapUTESIbHO HaCTPOEHHbIX
B 3aBOACKMX YC/IOBUAX Tep-
MOCTATUYECKMX KnanaHos.
Mpwn 3TOM HacTpolka Tepmo-
CTaTUYECKMX KnanaHoB AnA
rmapaBnuyeckon  6anaHcu-
POBK/M B OCHOBHOM 3aBUCUT
OoT Tonorpaduyeckomn KoH-
CTpyKUUnM  Tpy6OonpoBOAHON
ceTn. TpybonpoBofHble cetu
C 60MblUON FOPU3OHTANIbHOW
NPOTAXEHHOCTbIO VMEIT ro-
pa3fo 6osbluee BAUAHUE HA
Heobxoaumoe 3HaueHme ky Ha
TEPMOCTATUYECKOM  KfanaHe
n obecneymBaemyio CTeneHb
BO3JeNCTBYIOLEN CNOCO6HO-
CTV KflanaHa no CpaBHEHMIO C
Tpy6OMNpPOBOAHBIMU CETAMYU CO
3Be34006pasHbIM  pacnpene-

NeHnem.

B Tpy6onpoBoAHbIX CeTAX C
6OMbLWON  FOPV30OHTaNIbHON
NPOTAXEHHOCTbIO J0NA nepe-
MEHHOrO nepenaja AasieHunsa
MeHAETCA B pe3yfbrate CO-
NpoTMBREHUA B Tpybax u ¢u-
TUHrax. Mostomy Takue cetu
NpefCcTaBnsAT coboN camblii
HebnaronpuATHLIN AnA  pac-
CMOTpeHna BapuaHT. Ecnu
e orpaHmuuTb OTannvBae-
Myl0 NoJie3Hyl0 naowagb Ao
pa3symMHOro 3HayeHuA OKOJIO
1000 M, To AnvHa Tpy6 1, cre-
foBaTefbHO, NX JONA B nepe-
MEHHOM nepenaje [asBreHuns
BapbupyeTca He3HaUUTENbHO.

B ogHOM 13 nccnepoBaHui [3]
ObiNM BapbUPOBaHbI  Kiloye-
Bble MapameTpbl BAUAHUA ANs
OTan/MBaeMbIX niolwagein ot
100 go 1000 M 1 paccunTaHbl
Heobxoaumble 3HaueHusa ky
AN pagvaTopoB OTOMSIEHUS,
HaxogAWmMXCcA Kak BOAU3M
Hacoca, Tak U BAanu OT Hero.
Kpome Toro, B 371 pacyetbl
ObINN BK/OUYEHDb! Pa3finyHble
KOHCTPYKUUN  FeHepaTopoB
Tenna C UX COOTBETCTBYIOLM-
MW  3HAYeHVUAMU TUAPaBIU-
Yeckoro COMpoTMBAEHMA, a
TaKXe pasfinyHble pacyeTHble
Temneparypbl.

B pe3ynbrate yganocb ykasatb
WMPOKNIA AnanasoH pasme-
pPOB paaMaTopOB OTOMIEHUA
B COMPsKEHUM C npeasapu-
TeNIbHO HaCTPOEHHbIMU Tep-
MOCTaTUYECKMMUN KNanaHamu,
HacTponKa KOTOpbIX KMeeT
[OnycTMoe OTK/IOHeHne oT
paccunTaHHbIX AndpdepeHLm-
pPOBaHHbLIM MyTemM 3HauyeHun
HaCTPOWKMN.

C yyeTom ppoccennpyembix
nepenagos AaBNeHWA Ha pac-
NMONOXeHHbIX BOAM3M Hacoca
N BOANM OT Hero paguatopax
oTonneHna MoryT 6bITb yKa-
3aHbl HeobxoAuMmble Auana-
30HbI 3HaueHun ky ana npea-
BapuUTENIbHO HacTpanBaeMbIX
TEPMOCTaTUYECKMX KNTanaHOoB.
Ha puc. 5 npegcrasneH npu-
MEpPHbI rpaduK AranasoHa
oTanaMBaemMon naowagn [o
1000 M2 3gecb e 6biAn fo-
NOSIHATENIbHO  BapPbMPOBaHbI
3HaYeHNA MOLLHOCTU pajua-
TOPOB OTOMMIEHNA, a TaKXe
pacyeTHble TemnepaTypbl.
BugHo, uTtO HeobxopuMmble
3HauveHua ky no Bcel pac-
cMaTprBaemoi nnowaan
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Mepepacxop npu nepepaye Tenna B OTCYTCTBUE
™m Kol 6

AP

1,040

1,030

1,020

1,010

1,000

0.990

0,880

OMNOPHOEe 3HayeHne B6NM3M Hacoca

BOann OT HacocCa

B15KEI0K

PucyHoK 4: DHepreTuyeckas OLeHKa Tensionepegauv B OTCYyTCTBUE
rugpaBnanyeckoi 6anaHcMpoBKY CBUAETENbCTBYET B 3aBMCMMOCTU OT
KOHKPETHbIX YC/I0BUI 3KCMyaTalum O nepepacxofe Tersia Benuuu-
HOM 2,5 - 3,5 %.

Cepbe3Ho Apyr OT Apyra He
OT/INYAIOTCA, TaK YTO MPOBO-
AMMasn B 3aBOACKMX YCIIOBUAX
npeaBapuTenbHas HaCcTpoKa
Nno3BoJifeT OCYLEeCTBUTb K-
ApaBnnyeckyto 6anaHCcUMpoB-
Ky C JOCTaTOYHOW TOYHOCTbIO.

MHOXECTBO pPacyeToB [AMHA-
Muyecknx mogenen. MNpu atom
6bIN0 OCYLLEeCTBIEHO BOCNPO-
n3BefeHne NoMeLleHnsa C ero
CBOMCTBaMU UK COMPsKEHME
Kpyra BO3AeNCTBUA TepMo-
CTaTMYEeCKOro KnanaHa c fat-

YucnoBoe mopennpoBaHue
ANA OLEeHKU ruapasnuye-
cKoi1 6anaHCcMpoBKY

[N nonyyeHVsi BO3MOXHOCTM
OLEHUTb BAVSHUE OTCYTCTBUA
rmapaBnuyeckorn  GanaHcu-
POBKM 1 BAUAHME KauyecTBa
perynmpoBaHna  MUCMosb3ye-
MbIX NPeBapPUTESIbHO HACTPO-
€HHbIX KJlanaHoB MpoBefeHO

YUKOM, npeaBapuTenbHON
HaCTPOWIKM KanaHoB 1 nepe-
MeHHOI Jonn Tpybonposoa-
HOW CEeTN B KayecTBe MOAeNu
CUCTEM 3[aHVUA.

B pesynbrate okasanocb, uTo
Tpy6onpoBofHaa ceTb, cba-
NaHCUPOBAHHAA MOCPEACTBOM
npeaBapuTeNbHO  HACTPOEH-
HbIX B 3aBOACKMX YC/IOBUAX
TEPMOCTATUYECKUX KIAaNaHoB,

no Tensonepepave umeeT B
cpefHeM  [OMOfAHUTENbHble
TepMuyeckue 3atpatbl Benu-
ynHonm okono 0,5 % no cpas-
HEeHWIo C CUCTEMOW, MetoLLen
naeanbHyl rMapaBANYecKyto
6anaHcnpoBky. [Mpu  orpa-
HUYeHUN npeABapuUTesibHON
HacTPOMKM nof pasmep Tpy-
60MpPOBOAHbIX CeTel AnA OTo-
nneHuAnpuoamsnTensHo 1000
M’ NpoBefieHHas B 3aBOACKMX
yCnoBuAx npeABapuTenbHas
HacTponKa KfamaHoB MOXeT
paccmaTpumBaTbCcA Hemocpen-
CTBEHHO KaK rmgpasnunyeckasn
6anaHcnpoBka. C npeasapu-
TENbHOW HACTPOWMKOWM Knana-
HOB B 3aBOACKMX YCNOBMAX
B pe3ynbTaTe CONpAXeHua ¢
nocnefoBaTefibHO  BK/IOYEH-
HbIMW Nogpasgenamu pacnpe-
OeneHna © reHepupoBaHuA
[OCTUraeTcA dKOHOMMUA Te-
NAOBON SHEPrun BeVUYNHOMN
oT 5 0 6 % NO CpaBHeEHUIO
C HecbanaHcMpoBaHHbIMU
TPyOOMNpPOBOAHLIMK  CETAMMU.

BO3MOXHOCTD  3KOHOMUM
20 % aneKTpo3Heprum

B TpybonpoBogHoi ceTu, He
UMelLen  rnapaBnnyeckomn
6anaHCNPOBKMU, B peXnme pa-
60Tbl Ha HEMOJHYI0 MOLLYHOCTb
Ha paguatopax OTOMseHNs,
PAcnoNIOXEHHbIX Kak BAanu
OT Hacoca, TaK 1 B6/IM3K Hero,
NPOUNCXOAUT  3HAUUTENbHOE
yBeSIMYeHne MaccoBbIX MOTO-

PacueTHbIN Anana3oH 3HaueHui ky, — BAanm ot Hacoca

0,600

0,200 |

3HaueHue kv B m*/y

(c YCTAHOBJIEHHbIM Ha MO reHepaTopom Tenna)

100 200 300

400 500 600
OtannuBaemas nnowaab B M>

700

——HK1000 W - 10K — =HK 1000 W - 15 K ——HK 300 W- 10 K — =HK 300 W- 15K

PucyHok 5: [ina paccmaTpuBaemMoro AuanasoHa otanavsaemoi nnowaau go 1000 m? Ha OCHOBaHUM pe-
3yNbTaTOB pacyeTa MoAeNN HUKAKNX CyLLleCTBEHHbIX 3MeHeHii 3HaueHui kv He o6HapyxuBaetca. Takum
o6pa3om, ynpoujeHHasa 6aflaHCMpPOBKa BO3MOXHa C MOMOLbIO NpeABapuTeNnbHO HaCTPOEHHbIX B 3aBOJ-
CKUNX YCNIOBUAX TEPMOCTaTNYECKNX KNanaHoB.

KOB, KOTOpoEe B hanbHenwem
BeAeT K NoBblWWeHHOMY Maje-
HUIO AaBneHus. bonee BbiCO-
Kni pacxoq TensioHocuTenA
npuBOAUT K TOMY, UYTO Kaye-
CTBO perynmpoBaHnA CTpaga-
€T M3-3a MHEPTHOCTUN AaTyn-
Ka. |-|pI/I 3TOM YyXe He MOXeT
6bITb AOCTUTHYTO TeopeTunye-
CKOe COKpalleHne BpemMeHU
BKNKOYEHNA N OTKNIIOYEHUA, N
B pe3ynbraTte 3TOro B otonu-
Te€NbHOM KOHTYype Ha6mop,a-
€TCA yBeJInyeHne MaccoBoro
NoTOKa.

C yyeTom Bcex mccnegyembix
napameTpos BblABNAETCA
cpefHee yBenMyeHne Macco-
BOTO MOTOKa NPrGN3NTENbHO
Ha 8 % No CpaBHEHMIO C HOMU-
Ha/lbHbIM 3HayeHVeM, 4To B
pesynbTate OL4HOBPEMEHHOIO
KBaflpaTUYHOro pocTa nepe-
naga OaBneHus NpuBOAUT K
yBENNYEHNIO 3aTpaT SNeKTpu-
yecTBa Ha LUMPKynALuo Benu-
YnHom okono 25 %.

Mo cpaBHeHuto ¢ Tpybomnpo-
BOAHbIMU CETAMU, MAEaNbHO
OTPerynmpoBaHHbIMN B TU-
OpaBIMyYeCckoM  OTHOLLUEHMMU,
NpoBefeHHble pacyeTbl Ma-
pameTpoB, Npu YCNoBUU WC-
Nnosib30BaHNA NpeaBapuTenb-
HO HAaCTPOEHHbIX B 3aBOACKNX
YCNOBMAX TePMOCTaTUYECKMX
KnanaHoB, CBUAETENbCTBYIOT
0 CcpefHeM yBenuyeHnn mac-
COBOro NoToka Bcero Ha 1,5 %,
YTOCOOTBETCTBEHHOMNPUBOAUT
K [OMNONHUTENbHbIM 3aTpaTam
JNeKTpuYecTBa Ha UMPKyna-
ymto BennumnHon 4,5 %. Takum
06pa3om, Mo CpaBHEHWIO CTPY-
60NpPOBOAHBIMY  CETAMM, He
VIMEIOLWNMI  TMAPABANYECKON
6anaHCNPOBKU, BO3MOXKHO CO-
KpalleHue 3aTpaT anekTpuye-
cTBanpuo6an3nTenbHo Ha 20 %.

3aknuyeHune

Mnockne paguatopbl  OTO-
NAeHnA ¢ NocsefoBaTeNbHbIM
npoTeKaHrem TennoHocuTens
B pexume paboTbl Ha Henon-
HYl0 MOLUHOCTb MO3BOAAIT
3HAUUTENIBHO YNYYLUIUTb KOM-
dopT ana nonb3osaTensa 6na-
rogaps TOMy, YTO YUUTbIBAIOT-
CA TaKXKe U ero CyObeKTUBHble
owyuweHna. Mo cpaBHeHMO
C TPagVLUMOHHBIMK MNIOCKU-
MU pafuaTopamy OTOMNeHUs
BpemMA pasorpeBa COKpalla-
etcA  npubnamsuTenbHO  Ha
25 %. Mpun 3TOoM 3Heprosa-
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TpaTbl C y4eTOM TakMX KOMMO- [2] TexHuYeckul yHugepcumem
HEHTOB CUCTeMbI, KaK pacnpe- /Jlpe3deHa, uccnedosamernbckuli
[eNeHne M reHepupoBaHwe, 0doknaod «OyeHka pacuamopos

COKpaLLAIoTCA NpubnMaMTen,-  OMON1enuA <Therm X2 «nymenm
MOOesIupoBaHUA».
HO Ha 6 %.

[3] lMpocpeccop u 0okmop mexHu-

MposoAnmasa B  3aBOACKUX yeckux Hayk PaliHep Xupw6epe,

ycnoBumax npeaBapuTenb- uccnedosamernbckuti 00KNad

HaA HaCTpoMKa paanaTopoB «[pedsapumeneHas Hacmpolika
OTOMJIEHNA B COOTBETCTBUN K11anaHoe — 0uanasoHel HACMpPoU-
C  NPOCTbIMM  PacyeTHbIMY Ku, 2udpasauyeckas 6anaHcupos-
KpUTEPUAMM 3HAUUTENbHO Ka u 3HepeemuyecKas oyeHKa.
obrneryaet ruapaBINYECKyHO

6anaHcMpoBKy Tpy6onposos- @ NHpopmayus 8 iHmepHeme:
HbIX OTOMWTENbHbIX CeTew, www.kermi.de

ecnm ob6nacTb UX NPYMEHeHUs
OorpaHMyMBaEeTCcA  MONe3HoN
nnowaabto He 6onee 1000 m>.
B sTOoM cnyyae 3aBogckas Ha-
CTPOMKa MOXeT paccmaTpu-
BaTbCA HEMOCPELACTBEHHO KakK
rmpaBnuyeckas6anaHcpoB-
Ka, TaK Kak JOMNONHUTENbHbIE
3aTpaTbl MO CPAaBHEHUIO C nae-
anbHO cbanaHcMpoBaHHbIMU
TpybONpoBOAHbIMM  CETAMU
cocTaBnAT okono 0,5 %. 3T1o
OTKJIOHEHVE COMOCTaBUMO C
pacyeTHON TOYHOCTbIO AN-
dbepeHUnpoBaHHbIX MeToAoB
pacyera.

[locTnraemaa sKoHOMUA Te-
NAOBOM 3Heprum Mo cpas-
HeHMo ¢ HecbanaHCMpPOBaH-
HbIMK Tpy6onpoBoAHbIMU
ceTAMM cocTaBnAeT npubnu-
3UTeNbHO OT 5 g0 6 %, cokpa-
LeHne 3aTpaT aneKkTpuyecTsa
oKkosno 20 %, 4To B COBOKYM-
HOCTM MO3BONIAET BCKPbIBaTb
3HauuTeNbHble  NoTeHuMasbl
SKOHOMUN.

B pesynbrate 3HepreTuyeckmx
npenmyLLecTs Tennonepeaa-
4y, Npu nocsefoBaTeslbHOM
npoTeKaHun TernjaoHocuTena
yepes MHOrOC/OWNHbIE MJIO-
CKne paguatopbl OTOMNEeHWUs,
a TaKkKe C npefBaputenbHON
HaCTPOMKOM B  3aBOACKUX
YCIIOBUAX 3HAUYeHU ky Ha Tep-
MOCTaTUYeCKMX KlarnaHax, Mo-
XKeT JocThratbCA CymmapHas
3KoHomMA 3Heprum fo 11 %.

V3o06paxeHus: «<Kepmu TmM6X»,
Mnammnutxe

Jlumepamypa:

[1] Mpogpeccop u dokmop mexHu-
yeckux Hayk PaliHep Xupwbepe,
uccnedosamernbckuli doknao
«/JuHamuyeckue xapakmepucmu-
KU U 3Hep203ampamel NJI0CKO20
paduamopa omonJieHus ¢ nocsie-
0osamesibHOU cxeMoU 8K/II0YeHUs
nawHeneu».



