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[penuciaosue

B JaHHOM HU3JJaHUH PACCMATPUBAIOTCA 3JICMCHTBI CUCTCM 110 IPOU3BOACTBY OXHa)KHeHHOﬁ BOABI, UX
KOH(l)I/IpraHI/IH, JAOIIOJIHHUTCJIbHBIC OIIIWKA W CTPATCTUA YIPABJICHUA 3THUM O60pYI[OBaHI/IeM. HCJ'II)I-O
JaHHOTO Hu3JdaHusA ABJKCTCA O3HAKOMJICHUC TMIPOCKTHPOBIIMKOB CHUCTEM C JOMNOJHUTCIbHBIMHA
ONnuuAMH, KOTOPBIC OHM MOIYT HCIIOJIb30BATh, yTOOBl 00JIeE TOYHO OOECIIEUHUTH BBIMTOJIHEHHE
MOoKeJTaHU M BJIaJICJIBIICB SHaHHﬁ. OI[HaKO JaHHOC M3JaHUEC HC SABJCTCA IOJHBIM PYKOBOACTBOM IIO
MPOCKTUPOBAHHUIO CUCTEM, COCTOAIIMUX U3 HCCKOJIbKUX YUJIJICPOB (OXJ'IﬁI[HTCJ'ICfI )KI/II[KOCTI/I).

HpOCKTI/IpOBHH/IKI/I CUCTCM MOTI'YT HCIOJIB30BAaTb JAHHOC HU3AdHUC, 3HAKOMACH C OCHOBHBIMU
NpUHOUIIAMU TMMPOCKTUPOBAHUA CUCTEM IIO IMPOU3BOACTBY OXHa)KI[eHHOﬁ BOJbI U NPCUMYHICCTBAMHA
Pa3IUIHBIX OHHHﬁ. B cliydac, Korja KOHKpCTHI:IfI 00BEKT MOXKET OBITH ONITUMU3HUPOBAH 3a CUCT
MMpUMCHUA KaKoOM-TO OIMIIHH, O3HAKOMBTCCH OoJtee HOI[pO6HO C KOHKPCTHBIMU pa3JcjiaMUu HaHHOTO
U3aaHus.

"Umxenepusie HoBocTH" (ENngineers Newsletters), Ha koTopble HIMEIOTCSI CCBUTKH B JAHHOM W3/IaHHH,
MOYKHO MPOCMOTPETh Ha caiite: Www.trane.com/commercial/library/newsl etters.asp
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OHHI/II/I HACOCOB BOJbI KOHACHCATOPA.
Bo3moxxHOoCTH MOJACPpHU3AIUU

BrIBoabI
CroBaps, HCII0/1b3yeMbIX TEPMUHOB

Cnucok, HCNOJIb30BAHHOI JIMTEPaTYpPbI
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BBenenune

MHorue Biajenslpl 3JaHUi TOCTOSHHO BEAYT MOUCK pEIIeHHH, MO3BOJIAIONINX CAENaTh UX OM3HEC
Oojee KaueCTBEHHHIM, KOHKYPEHTHOCIIOCOOHBIM U peHTabenbHbIM. Pa3paboTumku cucTeM
OTOIUICHUs, BEHTHISIIMK U KOoHIuIoHupoBanus Bo3nyxa (HVAC) yacTo MCTONIB3YIOT CHCTEMBI T10
MIPOM3BOJICTBY OXJIQKICHHOM BOJBI Uil 0OECIeYeHUs] BHICOKOKAYEeCTBEHHOTO U 3(deKTuBHOrO 1Mo
CTOMMOCTH TIpoliecca KOHAMLUMOHMPOBAHMUSA BO3AyXa I 3TUX BilaaeiblieB 31aHuil. bimaromaps
MOSIBJICHHIO 00JIee COBEPILICHHBIX YMIIJIEPOB, @ TAKXKE YCTPOUCTB PETyIHPOBAHUS Ha YPOBHE CHCTEMBbI
U MPOrpaMMHBIX MHCTPYMEHTOB aHAJIM3a BO3HMK LIEJIBIA P CHEHMATbHBIX OMIMN JUISI CUCTEM IO
IIPOU3BOJICTBY OXJIAXJEHHOMN BOJIBI.
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OcHOBHBIC NIPUHIHUINIBI KOHCTPYKIUHM YCTAHOBOK OXJIAXKACHHON BOJBI

OCHOBHBIMH (byHKHI/IOHaJ'II)HI)IMI/I QJICMCHTaMH YCTaHOBOK OXJIa)KI[eHHOfI BOJIbI SIBJITFOTCSL.

* YUJIIEPBI, KOTOPBIC MTPOU3BOIAT OXJIAKICHHYIO BOY;

* moTpeOuTeNN (Harpy3ka) KOTOpPbIC YacTO MPEACTABIAIOT COO0H TEIIOOOMEHHHUKH, B KOTOPBIX TEILIO
BO3/1yxa 3a0HUpaeTcsi BOJOW;

* HACOCHI paclpe/eICHHUs OXJIAKACHHON BOABI U TPYOOIPOBO/BI, MO KOTOPBIM OXJIAXKICHHAs BOJA
MOJIACTCS K YIOMSHYTBIM BBl IOTpeOUTEIsIM (HAarpyske);

* HACOChI, TPYOOTPOBO/IbI U TPAJUPHU BOJBI KOHIACHCATOPA, KOTOPhIE 00CCIEYMBAIOT TEIIIOCheM (B
OXJTAJIUTEIIX KUIKOCTH C BOJIHBIM OXJIAXKICHHEM KOHICHCATOPA);

* YCTpPOWCTBA pEryJMpOBaHMs, KOTOPbIE KOOPAWHUPYIOT pabOTy MEXaHUYECKUX 3JICMEHTOB,
00pa3yIoIuX CUCTEMY.

OxyaauTesIb JKHIAKOCTH (4nLIep)

CyliecTBYIOT pa3JIMYHbIC THITBI XOJIOJMIBHBIX MamiH (d4muiepoB). Hanbosee 4acTo MCMONb3yOTCS
abCcopOLMOHHBIE YMIIIEpPHI, a TAaKXKE YWILIEPhl C LIEHTPOOS)KHBIMH, BHHTOBBIMH WU CHHPAIBHBIMH
(scroll) xommpeccopamu. MIMeroTest Takxke XOJOAMIBHBIE MAIIMHBI C TIOPLITHEBBIMH KOMIIPECCOPAMHU.
B oxmagutensx >KUAKOCTH MOXKET HCIIOJIB30BATHCS KAaK BO3YIIHOE, TaK U BOASHOE OXJIAXKICHHE
KoHzeHcaTopa. OCHOBHBIMU 3JIEMEHTaMHU YMWIIEpa, 00eCTIeUUBAIONINMU C)KAaTHE TapoB, SBISIOTCS
ucrapuresnb, kommpeccop(bl), KOHISHCATOp M paclIUpUTEIbHOE YCTPOHCTBO(a). B maHHOM M3naHum
00CyXIaroTca MmapaMeTpbl paboThl MCHApUTENs M KOHACHCATOpa M UX B3aUMOCBS3b C PEKUMOM
paboThl yCTAaHOBKH OXJIAKICHHOM BOJIBI.

Pucynox 1 CmanoapHoiii komnpeccuonnviil wuep (oxaaoumenb HCUOKOCHILL)
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OcHOBHBbIC NPUHUHUIIBI KOHCTPYKIIUU YCTAHOBOK OXJIAXKACHHON BOIbI

Hcnapureanb

HcnaputenbHast CeKIMsI MPEACTaBIsIET co00i KOXKYXOTPYOHBIM TEII00OMEHHHK, 00eCIeunBaroIInii
TEIUI00OMEH MEX]ly XJIaJareHTOM M BOJOW. B 3aBHCHMOCTH OT KOHCTPYKIMM 4YWIIepa Mo Tpybam
LUPKYJUPYET UM XJIaJareHT WK BOJA.

* B K0)XyXOTpyOHOM HCIIapuTesie 3aTOIUICHHOTO TUIIA XOJIOJHBIN, KUAKUNA XJIQareHT C
HU3KHM JJaBJICHUEM MOCTYIAET Yepe3 paclpe/IeIUTeIIbHYI0 CUCTEMY B KOXKYX (KopIyc) u
UPKYIHUPYET B MEKTPYOHOM MPOCTPAHCTBE KOXKyXa, MPUHUMAs TEIUIO OT OoJiee Teroi
BOJIbI, KOTOpasi MPOTEKAeT Mo TpyOam.

* B xoxyxoTpyOHOM HcHapuTene HemocpeacTBeHHoro ucnapenust (DX) Gosee teruas
BOJIa 3alOJHSET KOXKYX, B TO BpeMs KaK XOJOIHBIA KHIKUM XiTagareHT HHU3KOTO
JaBJIeHUs TUPKYIUPYET B TPyOax.

Jis Kaxmoro Tuma KOHCTPYKIIMU CYIIECTBYET, TaK Ha3blBaeMas, TEMIleparypa MNPUOIMKESHUS
(approach temperature), kotopast mpencTaBIseT cOO0H Pa3HOCTh MEXKIY TEMIIEPATYPOil XJalareHTa u
TEMIIEpaTypoil TOTOKa BOJBl Ha BBIXOJE. TeMmriepaTypa NPUOMKCHHS SBISACTCS KPHUTEPHEM
3¢ ek TUBHOCTH TIpoIIecca TEIUIoNepeIaur B UCTIAPUTEIIE, KOTOPBIA MOKHO U3MEPHUTh.

Bausinue TeMnepaTypbl 0XJIAXKAEHHON BOAbI

Ecm Ttemmeparypa OXJaXACHHOW BOJBI Ha BBIXOJAE JUIA JAHHOTO YWIIEpa YMEHBIIACTCH,
TeMIlepaTypa W JIaBJICHUE XJIaJarcHTa JOJDKHBI Tak)Ke CHU3UTHCSA. M HaoOOpoT, eciu Temmeparypa
OXJIAKJCHHOHM BOJIBI Ha BBIXOJIC BO3PACTACT, TO PACTyT TAK)Ke TEMIIEpaTypa W JaBJICHHE XJIaarCHTA.
Korma mensieTcs temmeparypa OXJIaKJICHHON BOJBI Ha BBIXOJE, PEXKHM pabOThI KOMIIpeccopa
JOJDKCH TaKKe M3MEHAThCA. DP(MEKT BIMAHUS M3MECHEHHS TEeMIEpaTypbl OXJAKICHHOHW BOIBI Ha
BBIXOJIC Ha DHEPromorpediieHue MokeT cocTaBisaTh oT 1.0 10 2.2 mpoIeHTOB HAa OAMH TPaIyC
dapenreiita (or 0.6 no 1.2 mpomenta Ha oxuH rpanyc llenscus). Bcerma yuuThIBaeTCs
JHEPronoTpeOICHUEe BCEH CHCTEMBI B II€JIOM, @ HE TOJIBKO Ymiuiepa. BakHO Bcerja MOMHHUTB, YTO
XOTsl CHIDKEHHE TEMIIEpaTyphl OXJKICHHOW BOIBI HAa BBIXOJE YXYAIIAET TOKa3aTrelu padoThI
YHIUIEpa, 3TO CHIPKEHHE MOXKET yIydllaTh pabOTy HACOCOB, TaK KaK B 9TOM cllydae 4epe3 CUCTEMY
MPOKAYUBACTCSI MEHBIIIE BOJbI. BOMpochkl BHYTPEHHHX B3aWMOCBSI3€H BHYTPU CHCTEMBI OoJee
oIPOOHO PACCMOTPEHBI B CIIEAYyIOMIEM paszene "OMuu CUCTEMbI OXJIaXKICHHON BOJIBI".

Bausinue pacxona oxsiakIeHHON BOIbI

[ToCKOBKY HCIApUTEIbh MPEACTaBIIET COOON TEIMIOOOMEHHHK, €ro PeXuM pabOoThl 3aBHCHUT OT
pacxoja Bojbl. ITOBBIMICHHBIA PAacX0J MOKET MPUBOIWTH K BO3HHKHOBEHHIO BBICOKHX CKOPOCTEM
MPOTOKA BOJIbI, 3PO3KH, BUOPALUSIM MM BOSHHKHOBEHHUIO IryMa. HemocTaTouHBIN pacxo/] MPUBOIUT
K CHIDKCHHIO 3()()EKTHBHOCTH TEIIOOOMEHA W YMEHBIICHHIO TMPOU3BOAMTEILHOCTH YHILIEPA.
HekoTopble KOHCTPYKTOPHI CUHTAIOT, YTO HH3KHE PacXojibl MOTYT TNPHBOAUTH K 3arps3HCHUIO
TEII000MEHHBIX MOBepXHOCTeH. OHako B 0oOIIeM ciydae, Kak OTMeueHO B pabortax Be66a u JIn
(Webb, Li [3]), »tu omacenust SBIAIOTCS HEOOOCHOBAHHBIMH, TaK KaK KOHTYP IUPKYJISAIUA
OXJIQKICHHON BOJIBI SABJIAETCSA 3aMKHYTOHW CHCTEMOM, YTO CHHYKAET BEPOSATHOCTH MOCTYIUICHHS B
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CUCTCMY NOCTOPOHHHX HpHMeCCﬁ, BbI3bIBAOIINX 3arpsA3HCHUC. Pacxon OXJ'IEl)KI[CHHOfI BOIBI 4€pe3
YUAJUICP JOJIKCH MOAACPIKHUBATHCA B IWAIIA30HE MCKAY MUHUMAJIbHBIM U MAKCUMAJIbHBIM I'PAHUYHBIM
3HaYEHUEM. JTH I'paHAYHBIC 3HAYCHUA MOIKHO 3alIpOCHUTD Y U3TOTOBHUTCIIA.

HekoTopsle ycTpolicTBa peryiaupoBaHMs YUILIEpa PACCUMTAHbI HA OY€Hb HE3HAUUTEIbHOE U3MEHEHHE
pacxonga mpu pabote MammHB [2]. YcTpoiicTBa peryaupoBaHus Oojiee CIIOKHOW KOHCTPYKIUH
JOIyCKAIOT OINpPENEICHHOE M3MEHEHHE pacxoJa OXJIaXKICHHOM BoAbl. Hekoropsle umiiepbl
paccunTaHbl Ha U3MeHeHHe pacxoia Ha 30 MPOLEHTOB B MUHYTY M Ja)Ke BBIIIE; APYrHe YMIIIEPHI
JOMYCKAalOT M3MEHEHHE pacxoja 10 2-X TPOIEHTOB B MHUHYTY. BaxHo, YTOOBI uwmiiep
COOTBETCTBOBAN yCJIOBUSAM paboThl cucTeMbl. [lepes n3MeHeHneM pacxoa BOJIbI Yepe3 UCHapUTeNb
CBSDKUTECH C M3TOTOBUTENEM, YTOOBI BBIACHUTH JOMYCTUMYIO CKOPOCTh M3MEHEHMs pacxoza. boiee
HOJPOOHO BONPOC U3MEHEHHS PacXoJia PacCCMOTPEH B pasjielie "CHCTeMbI ¢ IEPEMEHHBIM PACXO/I0M B
MIEPBUYHOM KOHTYpe'".

BoxooxiaxnaaeMblii KOHIEHCATOP

Yto0Obl 00eceunTh OXJIAKIACHUC 3JIaHUA WM TCXHOJIOT'MYCCKOIr'0 IIponecca, HCO6XOI[I/IMO, YTOOBI
nepeaaHHoc TCIUIO OBLIO OTBCICHO. CYMMapHOC KOJIMYCCTBO TCILJId, KOTOPOC MOOJIKHO OBITE
OTBCJCHO, MMPCACTABIISCT coboit CyYMMY MMOJHOM Harpysku HUCHapuTCiEl, TCILIA, 06pa3yron1eroc;1 npu
pa60Te KoMIIpeccopa, U MOIIHOCTH, BBIACTIIEMO npu pa60Te QJICKTPOABUI'ATCJIA. B qujriepax
FepMeTHqHOﬁ KOHCTPYKIHWH, B KOTOPBIX J3JICKTPOABUIATCIIb WU KOMIPECCOp pPasMCUICHbBI B OJHOM
KOXYXEC, TCIJIO OT 9TUX HAIPY30K OTBOAWUTCA B KOHIACHCATOPC. B OTKPBLITBIX YWJUICpAX, B KOTOPBIX
QJICKTPOABUIATCIIb Pa3MCIICH OTACJIBbHO W COCAMHCH C KOMIIpECCOpOM C IMOMONIBIO BaJia, TCILIO,
BBIACTAICMOC TIpH pa60Te QJICKTPOABUTIATCIA, OTBOAUTCA HCIIOCPCACTBCHHO B OKPYXKAIOIIYIO
aTMocq)epy. Harpyslca HUCHIapUTCIId U TCIUIO, BBIACIACMOC IIpH pa60Te KOMIIpECCOopa, OTBOIATCA B
KOHACHCATOPC. TCHJ'IO, BBIICJEICMOC DJICKTPOABUI'ATCIICM, [JOJDKHO YYHUTBIBATHCA IIPpU PACUCTC
CUCTCMbI KOHIUIIMOHUPOBAHHWS BO3yXa.

Buinsinue TemMinepaTypbl 0XJIa:KAaI01Iel BObI KOHAEHCATOPA

JInst 3a1aHHOTO YHJUIEpa MPU POCTE TEMIIEpaTyphl BOJBI HA BBIXO/IE U3 KOHJIEHCATOpa TeMIeparypa u
JaBJICHUE XJafareHTa Takke BO3pacTarT. M HaoOOpoT, Korja TemmepaTypa BOJbl Ha BBIXOJE
KOHJIEHCaTopa MaJaeT, YMEHBIIAITCA TeMIepaTypa U JaBlieHHe xJajgareHta. Korga mensroTcs
TeMIIepaTypa M JaBJICHUE XJIaJareHTa, pekuM paboThl KOMIpECCOpa JOKEH TaKKe M3MEHSATHCH.
D¢ ekt BIUSHUSA U3MEHEHHS TeMIepaTyphl BOJIbI Ha BBIXOJe KOHAEHCATOpa Ha YHEpromnorpedieHue
MoxeT coctaBysiTh oT 1.0 10 2.2 mpoueHToB Ha oauH rpaxyc @apenreiira (ot 0.6 mo 1.2 npoueHTa Ha
onuH rpanyc Llemscust). Beerna yumThiBaeTcst SHEpronoTpeOieHHE BCEH CUCTEMBI B IIEJIOM, a HE
TOJIFKO OJHOTO 4miuIiepa. BakHO Bcerja MOMHHUTH, YTO XOTA POCT TeMIEpaTypbl BOJBI Ha BBIXOJE
KOHJIEHCaTopa yXyJAIIaeT IoKa3zaTelnd paboThl 4uiulepa, 3TO ONTUMH3MPYET paboTy HAcoCOB U
TPaUpHUA 3a CUET HCIOJIb30BaHMS YMEHBUICHHBIX pPAacXxoJ0B U 0ojee BBICOKOTO TEPMHYECKOTO
nepemnana Ha rpagupHe. Bompochl BHYTPEHHHX B3aUMOCBS3EH BHYTPH CHCTEMbI OoJiee MOAPOOHO
paccMOTpEHBI B pa3jieiie 'BapuaHTbl KOHIEHCATOPHON CUCTEMBI.

Buinsinue pacxoaa BoAbl Yepe3 KOHIEHCATOP
[TockoabKy KOHIEHCATOp MPEJCTaBIsIET co00il TEMIOOOMEHHUK, €r0 pekuM pabOThl 3aBUCHT OT

pacxoga BO/BI. HaanMep, Ype3MCPHO BBICOKHH pacxod MOKET IMPUBOAUTL K BO3HHKHOBCHHIO
BBICOKHX CKOpOCTCfI IIpOTOKa BOJbI, 3pO3HH, BI/I6paLII/IHM WM BO3HUKHOBCHHIO IIyMa.
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HCHOCTaTOQHBIﬁ pacxoJ MpHUBOJUT K CHHIXCHHIO 3(1)(1)CKTI/IBHOCTI/I Tena000MeHa | YMCHBIICHUTIO
MMPOU3BOAUTCIIbHOCTU quiuIepa. HOSTOMy pacxon BOJbI qcpes KOHACHCATOP JOJDKCH
NoAACPKUBATLECA B 3aJdaHHBIX TI'paHHUIAX. Hckmrouenue NpEeaACTaBEIOT YCJIOBUA IIPpU 3allyCKeE.
CBsDKHTECH C HU3TOTOBUTCIIEM, YTOOBI Y3HAaTb 9TH TI'PAHHUYHBLIC 3HAYCHHA pPACXOJ0B. HeKOTOpI)Ie
YUJUICPBI JOITYCKAKOT pa60Ty IIpH 3HAYCHUAX pacxoaa, JICKaAIIUX HUKE 3a/JTaHHBIX HOMHUHAJIOB.

Ecmm ckopocTh mpoToka BoJIbI Uepe3 KOHJCHCATOP B TEUCHHE TPOAOIKUTEIILHOTO BPEMEHH SBIISIETCS
OYCHb HU3KOH W BOJA, HCIOJb3yeMas ISl OXJIaXICHUS, HIMEET OYCHb BBICOKYIO )KECTKOCTB, IOCIE
NPOJOJDKUTENIBHON pabOThl PU TaKUX YCIOBHSAX MOXKET UMETh MECTO 3arpsizHeHue Tpyouarku. Be6o
u Jlu (Webb, Li [3]) uccnenoBamu coctosiHre TpyOOK KOHAECHCATOPA C BHYTPEHHHM OpEOpEHUEM TIPU
HU3KO# ckopoctu motoka (3.51 ¢yr/cex [1.07 m/cex] U BBICOKOH KECTKOCTH BOJBI. TaKk Kak OHH
OOHApY)KWJIM, YTO JIMIIb HEKOTOpPhIE M3 TPYOOK C BHYTPCHHHM OpeOpeHHEM OBbLIM TMOKPBITHI
OTJIOKEHUSIMH, UMH OBUI CIICTIaH CJICTYIOIINN BHIBOI:

[TockoabKy B MaHHBIX OMBITaX HMCIOJB30BANACh BOJA OYEHb BBICOKOM >KECTKOCTH,
NPOXOAsAIIas Yepe3 KOHJIEHCATOp C Maloll CKOPOCTbIO, MBI HE JyMaeM, 4YTO
O00HApY)KEHHOE 3arpsi3HCHHE SBISCTCS THUIHYHBIM JJII KOMMEPYECKHX YCTaHOBOK. [Ipum
WCIIOJIb30BAaHUM HAIUICKAIICH MPAKTUKA XOPOIIETO TEXHUYECKOTO OOCIY)KMBAaHUS U
KOHTPOJII KavyecTBa HCTIONIB3yeMOH BOJBI BCE TPOBEPEHHBIC TPYObI TOIXOMST IS
CJIy4aeB J0JTOCPOYHOTO UCTOIb30BaHuUs. "

BaxHO MOMHHTB, YTO YHJUIep, BHIOpAHHBIA JJsi pabOThl MPH HU3KUX pacxojax (CM. CIIeIyOIINi
paznen "Onuuu CHCTeMbI OXJIQKACHHON BOJBI"), HEOOsS3aTEeIbHO JOJDKEH UMETh MANIyK) CKOPOCTh
MPOTOKa BOABI Yepe3 TpyObl. Eciu Bompoc 3arpsi3HeHus TpyO ABISETCS PEIIAONIUM, UCTIONb3YITE B
KOHJICHCATOpe B3aMEH TPYO C OpepeHreM IIaKue TPYObl, YTOOBI 00JIErYUTh MPOIIECC OYUCTKH.

Bo3ayxooxiaxaaeMblil KOHAEHCATOP

B umniepax ¢ BO3AYIIHBIM OXJIAKAEHHEM KOHJEHCATOpa BOJAA JJI OXJIAXKJICHHs HE HCIOJb3yeTcs,
TaKk Kak OTBOJ TEIUIA BBIMOJHICTCS C MOMOIIBIO0 TEIUIOOOMEHHUKOB XJaJareHT/Bo3myx. s
o0ecIeueHusl ONTUMAIBHON MPOU3BOJAUTEIHPHOCTH B KOMIPECCOPHO-KOHICHCATOPHBIX arperarax ¢
BO3IYIIHBIM OXJIKACHUEM W3TOTOBUTEIN HCIIOJNB3YIOT CTYIIEHUATOE pEryJUpOBaHUE pabOTHI
BEHTWISITOPOB B 3aBUCUMOCTH OT HArpy3Kd YWijiepa U TeMIEpaTypbl OKPY)KAIOIIEro BO3JayXa IO

CYXOMY TEpMOMETDY.

Harpyska

Jns cmydaeB KOM(MOPTHOTO OXJIaXIEHHUS POJIb HAarpy3KH OOBIMHO BBIMONHSIOT KaMmepbl 00paboTKU
Bo31yxa (YCTAaHOBOK KOHIMIIMOHUPOBAHUS BO3IdyXa), O0OpYIOBaHHbIC TEINIOOOMEHHHKAMH, B
KOTOPBIX TEIUIO BO3yXa, OTBEJJICHHOTO U3 30HBI KOHAWLIMOHUPOBAHNUS, TIEpelacTcsl LUPKYIUPYIOIIei
oxylaxaeHHoi Bozme. IIpu 3TOM BO3ayX, MHPOXOAS uepe3 HTU OXJAKAAIIIUE OpeOpPEeHHBIE
TEINIOOOMEHHHMKH, OXJaKAaeTcss U ocymaercs. [lockoibKy INCHUXpOMETpHUYECKHMIl Ipolecc
KOHJIMIIMOHUPOBAHUS BO3/AyXa NPOMCXOAUT HMEHHO B OTHX TEMJIOOOMEHHHUKAX, BbBIOOp
ONITHMAJILHOTO THIIOpa3Mepa M TUIA TEeIUNI00OMEHHHKA (M3 IIMPOKOTO Psijia BBITYCKAEMbBIX MOJICIICH)
ABIISIETCS YPE3BBIYANHO BaXKHBIM JJIs1 00ecreyeHus 3aJaHHON POU3BOAUTEIBHOCTH CUCTEMBI.
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B HEKOTOpBIX TEXHOJOTHYECKHX TIpolleccaXx Ha Harpyske (IMOTpeOUTENsX) He WCIOIb3yeTcs
OXJIQKACHUE BO3/IyXa. B TakMX CHTyalusX TETIOOOMEH MPOUCXOAMUT HEMIOCPEACTBEHHO HA 3JIEMEHTE
TEXHOJIOTUUECKOTO 000pynoBaHus (Kak HANpHMEp, B OXJIKAAIOIIEM KOKYXe MAallWHBI JUIS JIUThS
0] TABJICHUEM).

[Tponecc TernnooOMeHa Ha HAarpy3Ke MOXKET PeryIupoBaThCs pa3TMYHBIMU METOAAMHU:

* Mcrionp30BaHme TPEXX0JJ0BOTO (TPEXITYyTEBOr0) KlalmaHa

* Mcrionp30BaHme IBYXXOJOBOTO (ABYXITYTEBOI0) KJIanaHa

* PerynupoBaHue ¢ MOMOIIIbIO U3MEHEHUSI CKOPOCTH POKAYKU
* Heperynupyemble TEII000MEHHUKH

PeryimpoBaHnne HArpy3KH ¢ IOMOIIBIO TPEXIyTEBOI0 KJaNaHa

TpexmyTeBol peryqupyroluil KianaH HW3MEHSeT KOJMYECTBO BOJbI, MPOXOJAIeH uepe3
TEIUIOOOMEHHHUK, B 3aBHCHMOCTH OT Harpy3ku. Kmaman OaifmacupyeT HEHUCHOJb3yeMYIO BOIY
(nampaBnsier B 00X0Jl TerI00OOMEHHHKA). Pacxom BOJBI B CHCTEME OCTAeTCsl MOCTOSHHBIM M HE
3aBUCUT OT Harpysku. B aTom citydae 3a c4eT pacxoja BOAbI, OTBOAMMON Ha Oaiimac, Temmeparypa
BOJIBI HA BBIXOJC TPEXXOJOBOTO KJANlaHA CHIDKACTCS IPH YCJIOBUSX YACTUYHOU (HEMOJIHOW)
Harpy3ku. JTO MOXXET MPUBOAUTH K BO3HUKHOBEHUIO, TaK Ha3bIBAEMOIO, "'CUIPOMA HU3KOM JEIbTHI
T" (omucanue 3TOrO sIBICHUS NpUBeneHO B paszenic "CHOpHBIE BOMPOCHI TPH NPOSKTHPOBAHUU
CHCTEM TIO TIPOM3BOCTBY OXJIAXKICHHOM BOJIBI").

Pucynok 2 Pecynuposanue Hazpy3Ku ¢ NOMOWbIO KIANAHO8

TpexmyreBoil Kianax
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I I I’_ OXJIaKIeHHBII
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A
OxJaxaeHHbII ) BO3MYX

-

BO3YyX 1

PeryimpoBanue HArpy3KH ¢ IOMOIIBIO ABYXIIyTEBOI'0 KJIANIAHA

JIByXIyTeBOH peryJupyOLMil KjlanaH, CMOHTUPOBAaHHBIM HAa TEIULIOOOMEHHMKE, BBIITOJIHSAET TAKYIO
e (YHKIIHIO, YTO M TPEXITyTEBOW KJIamaH (T.e. perylIMpoBaHUE pacxoja MyTeM JPOCCEIUPOBAHUS).
Jns TermooOMeHHHMKa 00a 3TH METOAA PEeTYIUpOBaHUS SABISIOTCA HACHTUYHBIMH. OIHAKO Ui
CHUCTEMbI OXJIQKJICHHOM BOJbI B LIEJIOM 3T METOJbl PAa3IM4aroTCs NPUHLIUIMAIBLHO. B ciryuae
HCIIOJIb30BaHMs IBYXIIYT€BOTO KJIAllaHA JAPOCCEIUPYETCs BECh IMOTOK BOJbI B KOHTYpPE LUPKYJIALMU
TeruooOMeHHNKa. baifmacupoBanust BoAbl HE MPOM3BOAWUTCA. TakuM 00pa3oM, CHCTEMa,
00OpyZOBaHHass IBYXIYTE€BBHIM DPETYIUPYIOUINM KJIalaHOM, SIBISETCS CUCTEMOW C TMepeMEHHBIM
pacxoaoM OXJaKIACHHOW BOJbl. Bona Ha BbIXOJE TEIIOOOMEHHHKA "He pa3zdaBiseTcs” MOTOKOM
Oaiiraca Mpu yCIOBUSAX YaCTHYHOTO HAarpyXeHUs U TeMIepaTypa BOABI HAa BO3BpAaTE CUCTEMBI OyneT
BBIIIIE, YEM B CIIy4ae UCIOJIb30BAHMS Ul PETYIUPOBAHUS TPEXITYTEBOTO KJlalaHa.
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PeryaiupoBanue HATpy3KH ¢ IOMOUIbIO H3MEHEHHUSI CKOPOCTH MPOKAYKHU

Ecmu xaxplii U3 TeriooOMEHHHKOB 000pyI0BaH HACOCOM, PACXOJ] MOKET PErylupoBaThCs MyTeM
M3MEHEHUs CKOPOCTH T0/1a4M Hacoca. Takue CUCTEMBI MOTYT HE UMETh PEryJIMPYIOIUX KJIallaHOB Ha
TEIUIO0OMEHHUKAaX. JTO TMO3BOJIIET COKPATUTh YHUCIO apMaTypbl B CHUCTEME M pacxojbl Ha
COOpPY>KEHHE YCTAaHOBKHU.

Tenno000MeHHNKH ¢ HeperyJ/JIupyeMbIM PacXo0M BO/bI

Ha pucynke 3 mokas3aHa cxema peryJupoBaHMs Ui TEINIOOOMEHHHKOB, B KOTOPBIX OTCYTCTBYET
peryIupoBaHHE pacxoja BOAbI. B Takux cucreMax peryaupoBaHUE BeNETCS C TOMOMIBIO JIBYX
3acJIOHOK (TOPIIEBOM 3aCJIOHKM W 3acJIOHKH Oaifraca), ¢ TIOMOIIBI0 KOTOPBIX OpTraHH3yeTcsl Oaimac
gacTd Bo3ayxa. lIpemylnecTBaMH TakoW CXEMbl PETyIHpPOBAHUS SBIISIOTCS COKpAIEHHE 4YHCa
PETYIUPYIOMUX KJIallaHOB U ONTHUMAaJIbHOE OCYIIEHHE BO3/yXa MPH YCIOBUIX YaCTHIHON HArpy3KH.
HenocTaTtkom Takoil cxeMbl SIBISIETCS TO, UTO BOJIa MpOKadynBaTcs Bce BpeMs. OHAKO B CHCTEMaXx C
OYEeHb HU3KUMH TepernaiaMi JaBlIeHHs Takas cCXeMa MOXKeT paboTaTh J0CTaTOYHO SKOHOMHUYHO.

Pucynox 3 Tennoobmennuk ¢ Hepe2yiupyemvim pacxoo0om 600bl

’ BaiinacHas 3aciionka

Kamepa B
06paboTKH ,.-*"/ —|
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T CMech OXJIaXKIEHHOTO
o ; o
;l"opueBasI —

3aCJIOHKa

Cucrema pacnpenejeHusi OXJaKI€HHON BOAbI

OxjaxaeHHas BOJa LUPKYJIUPYET MO TpyOompoBogaM (OOBIYHO CTAIBHBIM, MEIHBIM WA W3
IUTACTHKA), KOTOPBIEC COCIUHAIOT YHJUICP C PA3IMYHBIMU TEPMHUHAJIAMHU HArpy3ku (moTpeOuTeneii).
Pasmep TpyOompoBOIOB BRIOMpPAETCSl TAKUM 00pa3oM, 4TOOBI 00ECTIEYUTh MPOSKTHEBIC TPEOOBAHUSI TIO
3HAYEHUSAM TIOTEPh JABJICHUS, CKOPOCTH BOJBI M CTOMMOCTHBIM TOKa3zaTessiM. [lajenue naBieHue
MOJKET OBITh KOMIIEHCUPOBAHO UCTIOJIB30BAaHHEM HACOCA OXJIAXKICHHOM BOJIBI.

Hacoc oxi1a:k1eHHOH BOALI

Hacoc oxnaxieHHO# BOJBI BBHINOJHACT 3a/7ady OOECTEeUEeHUS LUPKYISLUUM OXJIaKICHHOW BOJBI B
KOHType. B ofmem ciyyae Hacoc JOKEH MMETh TaKOM Hamop, 4TOoObl KOMIIEHCHPOBATH MOTEPU
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JIABJICHUSI 32 CUET TPEHHUS B TPyOONPOBOJAX, TEIUIOOOMEHHHMKAX M YWIIEpe, a TaKXe TMepernas
JIABJICHUSI HA PETYIUPYIONUX KianaHax cHCTeMbl. [lockoibKy Hacoc paboTaeT MpH CTaTUYeCKOM
JABJICHUHM CUCTEMBI, OH HE JOJDKCH MpPEo0JeBaTh 3TO CTAaTHYeCKOoe mAaBiieHue. Hampumep, B
COPOKOATa)XKHOM 3[JaHMHM HAcOC HE JOJDKEH IPEOJ0JIeBaTh CTATHMYECKOE MAaBJICHHE, CO3aBacMOe
stumi 40 sraxkamu.

OOBIYHO HACOC pa3MelIaeTcs BBEPX IO MOTOKY OT umiiepa. OJJHAKO HACOC MOXKET OBITh pa3MelleH B
MIPOU3BOJIBHON TOYKE CHCTEMBI, €CJI BBITTOJIHSAIOTCS CICTYIOIINUE YCIOBHS .

* OOecneueHo TpeOoBaHME COONIOJCHUS MHHHMAIBHOTO TO3WTHBHOTO TOANOpa Ha
BCAChIBaHUH (IaBJCHUE B CHCTEME Ha BXOJE HACOCA JOJDKHO OBITh TOJIOKUTEIHEHBIM H
UMETh JIOCTATOYHOE 3HA4YCHHE, YTOObI TapaHTHPOBATh HOPMAIIBHBIH PEXHUM PaOOTHI
Hacoca).

* Hacoc nomken obGecrnieunBaTh NojaiepKaHie MUHUMAIBHOTO TUHAMUYECKOTO Haropa Ha
"KPUTHUYHBIX" 3JIEMEHTAaX CHCTEMBbI (OOBIMHO TaKMM JJIEMEHTOM SIBJIsIeTCs umiliep). Ecim
IUHAMUYECKOE MaBJICHHE Ha TaKuUX 3JeMEHTax OyIeT HEeI0CTaTOYHO BBICOKMM, He
CMOKeET OBbITh 00ecredeH TpeOyeMblif pacXxol 4epe3 ITH AIEMEHTHI CUCTEMBI.

» Hacoc nomkeH ObITh pacCUMTaH Ha CyMMapHOE JaBJieHHE (CTATUYECKUN HAIop, IUIFOC
JMHAMHUYCCKHUI HAIMOP) JIEMEHTOB CUCTEMbI, TAKUX KaK UCIIAPUTENb YHIUIEPA, KITallaHbl |
T.JI.

Y‘ITI/ITC, 4YTO HAIIOp Hacoca IMepeaacTtca K BOJAC W IMPUHUMACTCA YHUJUICPOM. OOGBIMHO 3TO
COIIPOBOKAACTCS HE3HAYUTCIIBHBIM POCTOM TCMIICPATYPHI.

I[J'IH obecrieueHus pe3CepBa 4aCTO HCIOJB3YHOTCI MHOI'OCOCTABHBLIC HACOCHI. B 3aBucuMocTH OT
CXCMEI PEryJIMPOBaHUsA, HCHOHBSyCMOfI Ha TCPMUHAJIC HArpy3KHu, HACOCHI OXHa)KI[eHHOﬁ BOJbI MOT'YT
OBITEH C MIOCTOSIHHBIM HIIH MNEPEMCHHBIM PACXOJ0M.
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Cxema pacnpee/uTe/IbHbIX TPYOOIPOBO/IOB

Cama mo cebe cxema pachpeieieHHs OXJaXICHHOW BOIBI SIBISIETCS NOCTaTOYHO TMpocToit. Ha
pucyHKe 4 TIOKa3aHa YIpPOINCHHAs CXeMa CHUCTEMBI paclpeeICHUsI, COCTOSIIAs W3 HECKOJIBKUX
TEII00OMEHHHUKOB OXJIKICHUS, Pad0Ta KaXKIOTO U3 KOTOPBIX YIIPABISIETCS C MOMOIIBIO TEPMOCTATA,
KOTOPBIM PEryJupyeT pacxo] Yepe3 COOTBETCTBYIOIIUM TEIUIOOOMEHHHUK. Perynupyronue KianaHbl
MOTYT OBITh TPEX- WM IBYXIMYTeBbIMU. Kak OBbLJIO OTMEUEHO BBHIIIE, UCTIOIB30BAHUE TPEXITYTEBOIO
KJanaHa TpeOyeT MOCTOSHHOTO pacxojia BOABI, B TO BpeMsi KaK B CXEMaxX C HCIOJIb30BaHHEM
JBYXIYTEBBIX KJAIlaHOB PacXoJi BOJbI B CHUCTeMe H3MeHseTcs. Korma pacxoj M3MEHSETCs, HAcoc
MOKET MpPOCTO paboTaTh HAa PA3IUYHBIX TOYKAaX padoyeil XapaKTePUCTUKH WK JIOJDKEH
HCIIOJIb30BaThCA OJMH W3 METOJIOB PETyJIHUPOBAHUS PACX0a, HAMpPUMEP HCIOJIb30BaHUE MPUBOJIA C
MePEeMEHHOM CKOPOCTHIO BpalieHus1. boyee moqpoOHO ONIMU CUCTEM pacIpe/ie/ieH sl PACCMOTPEHBI B
pasnene "Konduryparmm cuctem”.

Pucynox 4 Ynpowennas cxema pacnpedenenusi 0XnaxicoeHHoU 600bl
PacmmputensHas eMKOCTh

PacnipenenutenbHbie
TPYOOTIPOBOIBI

Harpyzka

B cocraB pacnpenenuTeNbHOW CHCTEMBI MOTYT BXOIUTh M JpyrHe D3JEMEHTHI, TaKue Kak
pacuImpuTenbHas eMKOCTh, PETYJIUPYIOIIUe KIIalaHbl, ypaBHUTEIbHbIE U OOpaTHbIE KiIamaHbl U T.1.
[TnoTHOCTB, @ ClieOBAaTENTFHO 00BEM BOJIBI B "3aKphITOi" (3aMKHYTOH) CHCTEMBI pacIpelesicHHs
OXJIaXJICHHON BOJBI M3MEHSETCS B 3aBHCHMOCTH OT TeMIeparypbl. YTOOBI KOMIEHCHPOBATh 3TO
pacuIupeHue, UCIoIb3yeTCs] pacIMpUTENIbHAS €MKOCTb.

B pasmene 12 cmnpaBounuka "CuctemMbl M OOOpYyAOBaHHE [JIsi OTOIUICHUS, BEHTWIIUH U
koHauuuoHupoBanus Bo3nyxa ASHRAE 2000" (HVAC Systems and Equipment Handbook) [1]
IpeAcTaBieHa JOMOJHUTENbHAs WHPOpMaLUsl, Kacaromascs 3JEMEHTOB CHCTEMBbl pacrpeeleHus
OXJIQXICHHO! BOJIBL.
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Cucrema oxJiaKaamwIned Boabl KOHIAECHCaTOopa

TPY6OHpOBOI[I)I CHUCTEM OXJaXIAOIICH BOIbI KOHACHCATOPA TAKXKC, KaK U CUCTEM pPaCIpCACIICHUA
OXJIAXKICHHOM BOJbI, OOBIYHO HM3rOTABIMBAIOTC U3 CTajld, MCIU HJIN IIJIaCTHKaA. Nx pPasMEphbI
BI)I6I/IpaI-OTC$I TaKHM 06pa30M, YTOOBI 00ECIIEUNTE pa60Ty IIpH IMPOCKTHOM 3HAYCHUU HABJICHUA, a
TaK)XX€ TapaHTUPOBaATh IIOAJACPKAHME HA 33aJaHHOM YpPOBHE CJICAYIOIIMX IIapaMETPOB. IIOTEpHU
AaBJICHUSA, CKOPOCTb BOAbI MU CTOMMOCTH KOHCTPYKIHWH. HOTepI/I JaBJICHUS B ’I’py6OHpOBOI[aX u
KOHACHCATOPC YMUJIIICPA, a TAKIKC CTAaTUYCCKOC HABJICHHUC I'paJlUPHU KOMIICHCHUPYIOTCSA C IMOMOIIbBIO
KOHACCAaTOPHOI'O HACOCA.

I'papupus

UYroOpl 0OecreunTs OTBOJA TEIUIA, BOJAA IMPOIYCKAaeTCs Yepe3 TpaJupHI0, B KOTOPOH 4acTh BOJBI
ucnapsieTcs, OXJaxaas MpPU TOM OCTaBIIYIOCS 4YacTh BOABL. DPQPEKTUBHOCTH pabOTHI TpaJUpHU
(3 pexkTUBHOCTD POLIECCOB TEIJIONIEPEAaYH B TPAIUPHE) 3aBUCHT OT PacXo/a U TeMIIepaTypbl BOIbI,
a TaKXe OT TeMIlepaTypbl Hapy>KHOTO BO3lyXa IO BIAXKHOMY TepMoMeTpy. PaszHocTh Mexnay
TEMIIepaTypaMH BOJbl Ha BXOJe W BBHIXOJE TPaJAMPHU OIpenensiercs Kak "muamasoH” (range).
Pa3HocTh Mexay TemnepaTypoil BOAbl Ha BBIXOJE I'PAaJUPHU U TEMIEpaTypol BO3AyXa Ha BXOJE IO
BJIAKHOMY TEPMOMETPY OIpeessieTcs Kak "TeMiepatypHoe npudmmkenue” (approach).

Bausinue Harpy3km Ha nmapamMeTpbl padoThl rpagupeH

Ecmu Harpy3ka B 31aHuu cHWKaeTcsi (YMEHBIIACTCSI OTBOJI TEIIA) CHIDKAIOTCS Takke M 'nuama3oH”
(range) u "TemmepatypHoe mpudaKenue” (approach). ITo 03HavaeT, YTO NPU CHIDKCHUH Harpy3Kd
[I0 XOJIONY B 3/1aHUU IPU TOH K€ TEMIIEpAaType Hapy>KHOTO BO3yXa MO BIAXHOMY TEPMOMETPY
I'PaZupHS MOXET MPOU3BOAUTH O0JIee XOJIOJHYIO BOAY.

Bausinue cOCTOSIHUSI HAPYKHOTO BO31yXa

Korma TemmepaTypa Hapy)XHOrO BO3IyXa II0 BII&OKHOMY TEpMOMETpY TIaJaeT, BEIHMYHHA
"TemmepaTypHoro npudmmkenus” (approach) (mpu coxpaHeHUH MOCTOSHHOM HArpy3KH) pacTeT. DTOT
(baxT J0JDKEH YYUTBIBATBhCS MPHU pa3pabOTKE CTpaTerMu PEryJIUpoBaHUsl paboThl rpagupHu. bosee
opoOHOE ONMMCaHWE BOSHUKHOBEHUS TaKUX yCIOBUI MPUBOJUTCS B Mojpasiene "DHeprodaiaHc B
rpanupHe” (cM. Takxke paszaen 36 chnpaBouHuka "CucTeMbl W 00OpYIOBaHHE Ul OTOIUICHHS,
BEHTWIIIIMA ¥ KOHauImoHupoBanus Bo3nyxa ASHRAE 2000" (HVAC Systems and Equipment
Handbook) [1] ).
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Peryasitopsl

PerynupoBanue TeMreparypbl MoAavu OXJIaXJACHHOW BOJBI OOBIYHO BBIMOJHACTCS HA 4Wiuiepe. B
OOJIBIIMHCTBE CIy4aeB TEMIIEpaTypa MoJIa4H BOJbI SBISIETCS U3MEPSIEMOM MEPEeMEHHOH, TI0 KOTOPOM
BEJICTCS PETYJIMPOBAHUE TPOU3BOAUTEIBHOCTH YHWILIEPA, YTOOBI 00ECIIEYUTh COOTBETCTBUE YCIIOBUSIM
Harpy3KH CHCTEMBbI. METOJ pEryJIHpOBaHMs TEMIIEpaTypbl BOJBI Ha IMOJa4e MOXKET OBITh
WCIIOJIb30BaH KaK B CHCTEMax C TIOCTOSTHHBIM PacXo/IoM, TaKk U B CUCTEMaX C TIEPEMEHHBIM PAaCXOOM.
Kak Obuto moka3aHO BBINIE, PETYJIUPOBAHHUE PACXOJa BBITIOJHACTCS HA TEPMUHAIAX HArPY3KH C
MOMOIIBIO TPEX- WM JIBYXITYTEBBIX KJIAITAHOB WJIM MyTEM HCIIOJIb30BAaHUSI OTICJIBHBIX HACOCOB JJIS
Ka)XXI0T0 TEINIOOOMEHHHUKA.

JInst perymupoBaHus MOTYT HCIIOJIB30BAThCSl CaMbIe PAa3JIMYHBIC YCTPOWCTBA, HAYMHAS OT ME/ICHHO
JCHCTBYIONUX IHEBMATHUYCCKUX PEryIATOPOB U 0 JJICKTPOMEXAHMYCCKHX WM HauboJee
COBEPIICHHBIX MUQPPOBBIX  PETYJSITOPOB, HCIOJB3YIOIIUX  AITOPUTMBI, HaubOJiee TOYHO
o0ecrneunBarIre TPeOyeMyto MPOU3BOIUTEIEHOCTS.

PerysimpoBanue padoTsl unjLiIepa

COBpeMeHHI)Ie yC’I’pOI\/'ICTBa PEryIMpOBaHUA YHUJUICPA NO3BOJIAIOT BBINOJHATH 3HAYHUTCIIBHO 0oJbIIIE
OHHHCEI, 4YCM IIpOCTO BKJIFOUEHHE/BEIKITFOUEHUE quuIcpa. Ot yC’I’pOI\/'ICTBa peryjiimpoBaHusa JOJIKHBI,
KakK MUHHUMYM, o0ecreunBaTh BBIIIOJIHEHHE MOHHUTOPHHI'A CJICAYIOIIHMX IIAapaMETPOB.

» [lapameTpsl Oe3omacHOW pabOTHI, TakHe Kak TEeMIEpaTypbl MOJIIUIHUKOB H
AJIEKTPOTEXHUUYECKHE NapaMeTpbl, BBIXOJ KOTOPBIX 3a JUANa30H JO0MYCTUMBIX 3HAYCHUN
MOJKET BBI3BaTh MOBPEKIACHHUE IIEKTPOIBUTATEIS.

* [TapameTpsl pabOThI, OTKJIOHEHHE KOTOPHIX OT 3aJlaHHBIX BEIUYHH MOKET MPUBECTH K
BO3HHKHOBEHHIO MPOOJIEM C pPEXUMOM, €CII He OyIyT MpEeANPHHATH KOPPEKTUPYIOIIHE
neiicrBud. [IpumMepoM Takux mapameTpoB SIBJISIIOTCS HU3Kas TeMIepaTypa OXJIaXKIEeHHOU
BOJBl WJIM HM3Kas TEMIIEpaTypa XJaJareHTa, KOTOPble MOTYT MPUBECTH K 3aMEpP3aHUIO
KHUJIKOCTU B TpYOKaxX MM MEXTPYOHOM MPOCTPAHCTBE UCTIAPUTEIIS.

* OOmue mapaMeTpsl pexumMa paboThl YHILIEpa, KOTOpPhIe JOJDKHBI PErHCTPUPOBATHCS
KaXKZIblii I€HB, YTOOBI 00€CTIeYUTh 3aJaHHYI0 IPOU3BOIUTEIHHOCTD YMILIepa.

B Tabmuie 1 mnpuBOIUTCS PEKOMEHIYEMbI MepeueHb TOYEK KOHTpoyisi (B COOTBETCTBUH C
tpedoBanusimu Hopm ASHRAE).
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Tabmuya 1 Pexomenoyemblil nepeuenv mouexk KoHmpo.is yuiiepa coeaacto Hopmam ASHRAE 3-1996

OxnaxxkaeHHaAs Pacxon Pacxon

pona JlaByieHUE Ha BXO/€E Bona JlaBneHue Ha BXOJE
Temmneparypa Ha BX0Je KOHJICHCAaTopa Temmneparypa Ha BX0Je
JlaBneHue Ha BBIXOJIE JlaBneHue Ha BBIXOE
Temmneparypa Ha BBIXOJE TemmepaTypa Ha BBIXO/E

Hcnapurens TemmneparypHoe NpuOIIKEHHE TemmnepaTypHoe IPHOIIKEHNE
JlaBneHue XIagareHra Konznencarop JlaBieHHE XJ1alareHTa
Temmneparypa xjiagareHra Temmepatypa Xi1agareHra

Macino YposeHb YpoBeHb
JlaBnenue XajareHt TemmepaTypa Ha HarHETAaHUH KOMIIpeccopa
Temneparypa JlomonHUTENbHBIE TPeOOBaHUS
JlonoHUTENbHbIE TPeOOBAHUS VpoBHu BuOpaimit

JIOTIOJTHUTEIILHO K MOHHUTOPHHIY IapaMeTPOB HEOOXOIUMO, 4TOOBI YCTPOMCTBA PETyIHPOBAHMUS
OpeAyNpeXkaand OINepaTopoB O BO3MOXKHOM BO3HHUKHOBEHHHM TpoOiem. JluarHoctudeckue
COOOIICHUST HEOOXOTUMBI OIIEPATOPY, YTOOBI COOTBETCTBYIOLIUM 00OpPa30M pearkpoBaTh B CUTYAIIHIX
cpabaThIBaHUS CHCTEM 3alMThl U KOTJAa MapamMeTpbl padOThl BBIXOAAT 3a JMANA30H CTAHAAPTHBIX
paboYnX 3HAYCHUH.

B T0 BpeMs Kak AMarHOCTUYECKHE COOOICHUS SBISIOTCS 0053aTeNbHBIM TPeOOBaHUSIMHU, HEKOTOPbIE
YHJUIEPHl JTOTIONIHUTENIbHO K ATOMY OCHAIIAIOTCS CHEUUATBHBIM TPOTPaMMHBIM 00eCIeUeHHEM,
KOTOpOE YCTaHABIMBACTCS HA 3aBOJIe U3rOTOBUTENE. DTO MPOrpaMMHOE olecrieueHue "pearupyer” Ha
auarHocTudeckue cooOmienus. Hanpumep, korna reMnepaTypa oXJIaxIeHHON BOIbI MPHOIMKAETCS K
TOYKE 3aMep3aHus, YWIUIep IOChUIaeT IUarHOCTUYECKOe cooOlleHue U ''pearupyer’ Ha 3TO
COOOIIeHNE IyTeM CHIDKEHHUS MPOM3BOIUTEIBHOCTH KOMIIPECCOPa, YTO TIO3BOJIIET YBEIUYUTH
TeMIepaTypy OXJIaXXI€HHON BOABI 10 6€30MacHbIX 3HAYCHHH.

Kpome Ttoro perymnsatopsl umiuiepa JOJIKHBI B3aMMOJEHCTBOBATh C KOHTPOJUIEPOM CHCTEMHOTO
ypoBHs. CyliecTByeT psiJ MapaMeTpoB, KOTOPHIE BBIXOST 3a cepy HEMOCPEACTBEHHOTO YIPaBICHUS
perymnaropa yuiiepa, Takue Kak, HaupuMep, TeMIiepaTypa BOJbl KOHJIEHCATOPa, pacXo >KUJIKOCTU
yepe3 HchapuTenb U KoHaeHcaTtop. YToObl MUHMMHU3UPOBATh AKCIUTyaTallMOHHBIE 3aTPaThl CHCTEMBbI
(cTouMOCTh MOTPEOISIEMO SHEPTHHU), KOHTPOJUIEPBI CUCTEMHOTO YPOBHS JOJDKHBI KOOPAHHHPOBATH
paboTy umiepa, Hacoca, TPAAUPUHU U YCTPONUCTB PEryIHpPOBAHUS TEPMUHAIBHBIX YCTAHOBOK. JTO
MOJKET OBITh CIeNIaHO TOJBKO B TOM CiIydae, €Clii COOTBETCTBYIOIIAs MH(OpMaLus MepeaaeTcs OT
Ka)KI0TO 3JIEMEHTa CUCTEMBI K KOHTPOJIJIEpAaM CUCTEMHOTO YPOBHS.

PeryimpoBanue padoTsl Hacoca

B Tak Ha3pIBaeMBIX CHCTEMax C MOCTOSHHBIM PacXoJIOM, HACOCHI MOTYT OBITh WJIM BKJIFOYCHBI WIN
BBIKJIFOYeHBl. Korna Hacochl HaXOOATCS B COCTOSIHMHM ''BKIIFOYEHO", 00eCIeYMBaAETCs OTHOCUTEIBLHO
MOCTOSTHHBIA  pacxon. Ha mpakTuke ke HaONIOMAIOTCS HEKOTOpblE W3MEHEHHS pacxoja,
00yCIIOBJICHHBIC HW3MEHEHUWSMH T[EepPEeragoB JaBlIcHHSI. B cHUCTEeMax C MEPEeMEHHBIM pacxoJoM
perynmupoBanue pabOThl Hacoca HamOOJIee YacTO BBITIOJNHACTCS IyTeM TOAACPIKaHUS 3aJaHHOTO
nepernaja 1aBjicHUs B BEIOPAHHBIX TOYKAaX CHCTEMbI. Hampumep, MpuUBOI C IEPEMEHHON CKOPOCTHIO
BpalieHusi OyJIeT YBEIWYMBATH CKOPOCTh OOOPOTOB, €CIM W3MEPCHHBIM Tiepemnaj JaBJICHUS
CTAHOBUTCSl CJIMIIKOM HU3KUM, WM HA00OpOT, TNpHMBOA OyAeT Bpamarbcs ¢ Oojiee HU3KOU
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CKOpOCTBIO, €CJIM Tepernaj MaBjCHUs CTAHOBUTCS CIMIIKOM BBICOKMM. ToOdYKa peryjJupoBaHUS
BBIOMpACTCS TakUM 00pa3oM, 4TOOBI MHUHUMH3UPOBATH POCT JABJICHUS B CHUCTEME M 00ECICYHTH
TpeOyeMblld pacxoJ TpPH BCEX "KPUTHUYHBIX' 3HAUYEHWSIX Harpy3ku. ONTHUMaabHBIE METOBI
perynupoBaHus pabOThI HAcOCa PacCCMOTPEHBI B pazjeie "llepeycTaHOBKa KpUTHYHBIX 3HAYCHUH

Jluteparypble CCHLUIKH

1 2000 ASHRAE HVAC Systems and Equipment Handbook, Chapter 12, Hydronic Heating and
Cooling System Design and Chapter 36, Cooling Towers, American Society of Heating,
Refrigeration and Air-Conditioning Engineers.

2 Schwedler, M., PE and Bradley, B.; "An Ideafor Chilled-Water Plants Who;

Time Has Come...Variable-Primary-Flow Systems," Engineers Newsletter. Volume 28, No. 3, The
Trane Company, 1999.

3 Webb, R.L. and Li, W.; "Fouling in Enhanced Tubes Using Cooling Tower Water, Part |: Long-
Term Fouling Data", International Journal of Heat and Mass Transfer. 2000.
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Onuuu cCUCTEM 10 MPOU3BOACTBY OXJIAKICHHOU BOIbI

CymiecTByeT 3HaUUTEIBHOE YHCIIO BO3MOXKHOCTEH (OIIIHNIT) MPOSKTUPOBAHUS CHCTEM OXJIXKIACHHOW
Bo/bl. B ol0miem ciydae, kKaxaas omus sSBISeTcsS (QyHKIHEH HOMHHAJIOB pacxona, TeMIepaTyphl,
TUNa KOH(PUTYpaLlMU CUCTEMBI U METOJla PEerylnupoBaHusi. B manHOM pasaene oOcyxaaeTcsi BIUSHHUE
HOMMHAJIOB Pacxo/la ¥ TEMIIEpATyphl HA IPUHATHE TPOEKTHBIX PELICHUM.

Ba)kHO MOMHUTB, YTO HOMHHAJIBI PAacXo/a U TEMIEpaTyphl SBIAIOTCS MEPEeMEHHBIMU BETHYHWHAMU.
[Tpu npaBUIBLHOM BBIOOPE STHX BEIWYHH YCTAaHOBKA IO MPOU3BOJACTBY OXJIAKIACHHOW BOJBI MOXKET
OBITh CIPOEKTHPOBaHA TaKUM 00pa3oM, YTOObI OJHOBPEMEHHO YAOBOJETBOPSIHCH TpeOoBaHUS,
NpeabsBIsieMble K MPOU3BOACTBY OXJIAXKICHHOMN BOJBI, M SKCIUTyaTallMOHHBIC 3aTPaThl HAXOAWIHCh
Ha 3()(peKTUBHOM YpOBHE.

[IpoekTupoBaHKE CUCTEM OXJIQKACHHOW BOABI MO HOMHHAJIAM pacxoia M TEeMIlepaTyp 4YacTto
BBIIIOJIHACTCS. HA  OCHOBE  CTAaHAapTOB  TECTUPOBaHWs,  pa3paboraHHbix  MHCTHTYTOM
KOHJMIIMOHUPOBaHMs BO3/1yXa U mpombinuieHHoro oxiaxaenus (Air-Conditioning and Refrigeration
Institute) (ARI) nis komnpeccronnbIx yniuiepoB (Hopmbl AR 550/590-1998 [1]) 1 abcopO1MOHHBIX
yrsuiepoB (Hopmbl ARI 560-1992 [2]). B atux HOpMmax copaepikatcsi TpeOOBaHMS K BBITIOJHEHHUIO
TECTUPOBAHUS W BBHIOOPY HOMHHAJIOB pPabOThl YWIUIEPOB MJIsI YCIOBHHA CHUCTEM, COCTOSIIHX W3
HECKOJIbKMX umuiepoB. HOpMbl He mpeaHa3Ha4YeHbl U1 BBIIAYM TOYHBIX MM ONTUMAIBHBIX
3HAQUCHWH HOMHHAJIOB pACcXOJOB WM TEpenajgoB TeMIeparyp Uil KOHKPETHOW CHCTEMBI.
JIeCTBUTEIBHO, TOCKOJBKY J(PQPEKTUBHOCT pEXHMa pabOThl KOMIIOHEHTOB U TPEeOOBaHMS
3aKa3yMKa W3MCHSIOTCS, T CTAHAAPTHBIC HOMMHAJBI YCIOBHU PEIKO SIBJISIOTCS ONTUMAlIbHBIMHU
3HAUCHHSMH JJIsl peaibHBIX cucTeM. [Ipu 3amaHni HOMHUHAJIOB PAacXOJIOB, TEMIEPATyp U IMEpernasioB
TeMIepaTyp CYIIECTBYeT IIHpokas cBo0o1a BrIOOpa.

JlononHuTenpHas uHQpOpManus 1Mo 3TOMY Bompocy npuBeneHa B cranaapte ARI 550/590-1998 -
"Hopwmsl Ha arperatsl oxnaxkaeHus Boasl (Water Chilling Packages), ncronb3yronmx muKibl CKaTHs
napoB” u B ctangapte ARI 560-1992 - "Hopwmbl Ha BOAsSHBIE YWIIEpHl M BOJOHArpeBaTENIbHBIC
arperatel’. O0a craHgapTa BbIIyIIEHbI VIHCTUTYTOM  KOHAWIMOHUPOBAHHS BO3IyXa W
npomeinuieHHoro oxyaxaeHust (Air-Conditioning and Refrigeration Institute) (ARI) (cm. caiit

WWW.ari.org).

Temmneparypa ox/1a:K1eHHOM BOAbI H BOJbI KOHAEHCATOPA
Bri0op Temmeparypsl 0XJIaXI€HHOM BOJbI Ha BBIXO/IE€ U TEMIIEpaTyphl BOJABI Ha BXOJE KOHAEHCATOpa
MO>KET OBITh BBINOJHEH HE3aBUCHUMO OT BbIOOpa COOTBETCTBYIOIIMX pacxoioB. OmHAKO, YTOOBI

CIIPOEKTUPOBaTh (H(HEKTUBHO PabOTAIOIIYI0 M THOKYI0 CHUCTEMY OXJIaXKIECHHOW BOJBI HOMHHAIBI
TEMIIEPATyp U PACXO0B JODKHBI IMOJIOMPATHCS C YIETOM UX B3aUMOCBS3CH.
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CranaapTHbIe HOMHHAJIBI TeMIIEPaTyPp

B cootBerctBum ¢ Hopmamu ARI 550/590 [1] u ARI 560 [2] cTanagapTHhIC HOMUHAIBI TEMIIEPATYP
paBHBI:

* TeMIIepaTypa Bojbl Ha BeIxoe ucnapureis: 44°F [6.7°CJ;

* KOHJIGHCATOP C BOJSHBIM OXJIAXKICHHEM; TeMIiepaTrypa Bo sl Ha Bxoze: 85°F [29.4°C];

* KOH/IGHCATOP C BO3YIIHBIM OXJIOKICHUEM; TeMIepaTypa Bo3LyXa Ha BXOJIE TI0 CYXOMY
tepmometpy: 95°F [35.0°C]

B TeueHune MHOTHX JIET 3TU 3HAYCHUS TEMIEpaTyp ObLUIN perepHbIMHU MPH MPOSKTUPOBAHUU CUCTEM.
Ha cerognsniauii 1eHb MPOSKTUPOBIIMKH UCHIOIb3YIOT MHOKECTBO PA3IMYHBIX TEMIIEPATYD.

Ota TeHJeHIMs Hamuia cBoe oTpaxkenue B Hopmax ARI 550/590 B TOM, YTO HOpPMBI JOIYCKAIOT
3aJjaHie TeMIepaTyp OXJIAXKICHHOW BOJBI U BOJbI KOHAEHCATOpPA B HECTAHAAPTHBIX TOYKAX, OAHAKO
TECTHPOBaHHE YHIUIEPA TOJLKHO OBITh BHIIIOJHEHO B COOTBETCTBHUHU C TPEOOBAaHUSAMHU CTaHAAPTA.

TeMmepaTypsbl 0XJIa:KI€HHOI BOIBI

B HacTosiee BpeMsi CUCTEMBI KOM(POPTHOTO OXJIAXKICHHS POCKTUPYIOTCSI HA TEMIIEPaTyphl T01auu
OXJIKACHHOHM BOJbI, Nexane B auarnazone or 44°F [6.7°C] mo 38°F [3.3°C], a B HEKOTOPBIX
ciyqasx u no 34°F [1.1°C].

HexoTopbie wmuiepbl, 00OPYIOBaHHBIC HCIAPUTENIEM YCOBEPIICHCTBOBAHHON KOHCTPYKIMH U
UCToJb3yomye Oosee CIOKHBIE METOJBI PETYIHPOBAHUSA, MOTYT pabOTaTh IpH TEMIEpaType
oxJaxaeHHo# Bojbl, paBHOU 34°F [1.1°C] (6e3 ucnonb3oBanust aHTHPH3A).

Crnenyroniue NpUUUHBI 00YCIABIMBAIOT 11EJECO00Pa3HOCTh CHIDKEHUS TEMITEPATYPhI OXJIAXKICHHOM
BOJIBL:

* B ciyuae ucnosb30BaHUs 0oJiee HU3KHUX TEMIIEPATyp OXJIAXKICHHOW BOJBI CHCTEMa
MOXeT "mpucriocabnuBathes” K 0osiee mmpokuM auddepeHipanaM Temmneparypsl (0oee
HU3KMM HOMHHAJaM PacXoJ0B), YeM IPH CTaHIAPTHBIX ycIoBUsX (cM. paszaen "Bribop
HOMUHAJIOB pacxona').

* bonee HHU3KME 3HAUCHHsS TeMIEpaTyp BOABI MO3BOJAIOT 3ajaBaTh OoJjiee HHU3KHE
3HAYCHUs] TEMIIEPATyp BO3/yXa, CJCICTBUEM YETrO SBISCTCS CHUKCHHE KalUTATbHBIX
3aTpaT M SKCIUTyaTallMOHHBIX PacX0JI0B MO BO3AYIIHOW CTOPOHE.

* bonee xoogHas BOJia B TOM K€ CaMOM TEIIO0OMEHHUKE OXJIaXKJICHHON BOABI MOXKET
o0ecreunTs JIyqmee OCyneHUe BO31yxa.

* bonee X0JIoaHaA BOJa MOXKCT OBITH HCIIOJIb30BaHa I YBCIMYCHUA
MPOU3BOAUTCIIBHOCTHU CYHICCTBYIOIIIeﬁ CUCTCMbI PaCHpPCACIICHUA OXHa)KHeHHOﬁ BOJBI.
HaanMep, 9TO MOXKCT CBOKOHOMHUTH 3HAYUTCJIIBHBIC  KAIIUTAJIOBIIAKCHUA  IIpU
YBCIMUYCHUN HNPOU3BOIUTCIIBHOCTHU KPYIHBIX HCHTPAJIM30BAHHBIX YCTAHOBOK, KOTOPBIC
JOCTHUIJIM T'PAHUIHBIX 3HAYCHUH 110 pacxoaaM.
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Hexotoprle pa3pabOTYMKM COMHEBAIOTCS B 11€JIE€COO0pPAa3HOCTH MpPUMEHEHHUS Oojiee HU3KHX
TEMIIEPATYP OXJIKACHHOHN BOJBI TIO CJICTYIOIIUM IPUIHMHAM:

* YUnyutep HaunHaeT pabotark ¢ MeHbIeH 3¢ pekTuBHOCTHIO. Kak ObLIO MOKa3aHO BHIIIE,
CHIDKCHHME TeMIepaTypbl OXJIaXJICHHON BOJBI JeiaeT pPekuM paboThl uuiiepa Oolee
TsoKenbiM.  OgHaKo, XOTS CHWKEHHE TeMIlepaTypbl BOJBI TMPUBOJUT K POCTY
SHEPromnoTpeOIeHUS Yniiepa, HO YMEHBIICHHE pacXoa OXJIaXAeHHON BOJIBI MO3BOJISET
COKpaTUTh MOTpeOJIeHne YHEpPrul Ha paboTy HacocoB. BemeacTBue 3TOro 4acTo MOXKHO
COKPATUTh SHEPronoTpeOeHne BCeil CUCTEMBI B LIETIOM.

* CHIWKEeHHE TeMIlepaTypbl OXJIKAEHHOW BOABI MOXET MOTPeOOBaTh HCIOJIb30BaHHS
JOTOJHUTENFHONW TEIUIOM30JAIMYA TPYOOIPOBOAOB, YTOOBI HCKIIOYUTH KOHICHCAIHIO
(>pdexr "3amoreBanus"). ObecneubTe, YTOOBI TPYOOIPOBOIBI OBUIN TEIIIOM30IHPOBAHBI
s paboThl HpU Bcex Temmeparypax Boabl.  OAHAaKO CHIDKEHHE TeMIepaTypbl
OXJIQKIEHHOM BOAbl HE Bcerga TpeOyeT  HCHOJIBb30BAHUS — JIOTIOJHUTEIBHOM
TEIUIOU30JIALIUH TPYOOIIPOBOIOB.

Temmnepatypbl BOABI KOHIEHCATOPA

CoBpeMeHHBIC YMJUIEPHl MOTYT paloTaTh TMpH Pa3IMYHBIX TEeMIIepaTypax BOABI Ha BXOJE
KOHJIEHCATOpa, U3MEHAIOUIUXCA B JMana3oHe OT MPOEKTHOTO 3HAYEHUS] TEMIIEpaTyphl 10 3HaYEHUS,
MUHHMAJILHO JOIYCTUMOTO Ui JAHHOW KOHCTPYKIMHU ymiiepa. OIHAKO MHOTHE U3 CYIIECTBYIOLIUX
YUJJICPOB CTapIIEro MOKOJICHUSI HMEIOT OTPAaHUYCHHUS 0 TeMIIepaType BOAbI KOHAeHcaTopa. UToOb!
y3HaTb O3TH OIPAHUYEHUS, CBSIKUTECh C M3rOTOBUTENEM uyuiuiepa. ONTUMalbHBIE METObI
peryJupoBaHus  TEMIEpaTypbl BOJABl KOHJAEHCATOpa M3JIOKEHBl B  paslene ' BapuaHTbl
KOHJICHCATOPHBIX CUCTEM".
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HomuHaJabI pacxoa0B 0XJIaKAEHHOM BOAbI U BOJAbI KOHJAEHCATOpPA

B03MO0KHOCTh BBIOOpa HOMHHAJIA PACXOI0B OXJIAKIACHHOW BOJBI M BOJBI KOHAECHCATOPA SBIISCTCS
MOIIHBIM HHCTPYMEHTOM, MMCIOIIMMCS B pacropsukeHnd mpoekTupoBinnkoB. Kemmn u Yen (Kelly,
Chan) [5], a taxxke lIsemnep u Hopmuu  (Schwedler, Nordeen) [6] moka3anu, 4TO CHHXKEHHE
BEJIMYMH PAacXOJ0B TO3BOJSET COKPATHTh CTOMMOCTh MOHT@kKa H/WIM DKCIUIyaTallid CHCTEM
OXJIAKJIEHHOW BOJIBI.

CTaH)_]apTHI)Ie HOMHMHAJIBI PaCcXo010B

B cootBerctBum ¢ Hopmamu ARI 550/590 [1] u ARI 560 [2] cranmapTHbIE HOMHHAIIBI PACX0JI0B
paBHBIL:

* pacxon uepe3 ucnapurens = 2.4 (ran/mun)/touny [0.043 (;1/cex)/xBT];
* pacxon uepe3 konaeHcarop = 3.0 (ran/mun)/Tonny [0.054 (n/cex)/xBr]

VKa3zaHHBIH PacxoJl 4Yepe3 HCIapHUTeNb COOTBETCTBYeT mepenany (muddepenumany) temmepartyp,
pasaomy 10°F [5.6°C].

B 3aBucumocT 0T 3(h(heKTHBHOCTH KOMIIpEeccopa COOTBETCTBYHOIIMI mepenan (auddepeHiman)
TemrepaTyp Ha koHaeHcarope coctasiser oT 9.1 °F no 10°F [or 5.1°C no 5.6°C].

Howmunains! pacxo10B abcopOIMHHBIX YriuIepoB onpenesitorces ctangaprom ARl 560-1992 "Hopmebl
Ha BOJSIHBIC YMJUICPHI M BOJOHArpeBatenbHble arperatsl’[2]. HomuHan pacxoma 4yepes wcmapureb
ocTaeTcs TakuM ke, kak U B Hopmax ARI 550/590, oqnako pacxo KOHICHCATOPHOM BOABI (4acTo
HA3bIBACTCS OXJIAKIAIOIICH BOJON) MEHSETCS B 3aBUCHUMOCTH OT KOHCTPYKIIMH a0COpOIMOHHOTO
yusuiepa. B Tabiuie 2 ykazaHbl HOPMHUPOBaHHbIE 3HaYEHUs PAcXOJ0B BOJBI Uepe3 KOHICHCATOp UL
Pa3IUYHBIX TUIIOB AOCOPLUHOHHBIX YHILIEPOB.

Tabmya 2  Homunanwl cmanoapmHuix ycaosuil 0Jist abCopOYUOHHBIX YULTPOB

HomuHan pacxona Yepes KoHgeHcaTop

Tun abcopbunoHHOro ynnnepa (ran/mMuH)/ToHHY (n/cek)/kBT
OpHocTyneHyarbIn 3.60 0.065
[ByxcTyneHyarbIn Map wnu ropsyas Boga 4.00 0.072
Mpsimoro cxuranns 4.50 0.081
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Br160op HOMHHA/I0B pacxoaa

YToObI BHINOJIHHUT CPABHEHHE MPOU3BOAUTEIBHOCTEH (IEKIApHPYEMBbIX H3TOTOBUTEIEM) TIPH TOUYHO
3aJJaHHBIX YCJOBUSAX, MPOEKTHUPOBIIMKH MOTYT HCIIOJIF30BaTh CTaHJAPTHBbIE HOMHUHAJBI YCIIOBHI
(mapameTpoB) paboThl. OJHAKO HOPMBI JOIYCKAIOT UCTIOJIL30BaHKE PA3IUNYHBIX HOMHUHAJIOB pacxo/a
U BBINOJHEHUE CEPTUPHUIMPOBAHHOTO CpPaBHEHHUS A 3TUX ycloBuid. Eciam mpu ompeneneHHOH
Harpy3ke pacxojl CHIDKaeTcs, 5TO COMNPOBOXKAAETCS POCTOM TEMIEpaTypHOTo Iepernanaa
(muddepennmana). B Tabmume 3 NOpUBOAWTCS  aHANM3 CHCTEMBI  OXJIOKICHHOW  BOJBI
npousBoauTeabHOCThIO 450 ToHH [1580 kBT oxmaxneHms] mis ciydast 0a30BBIX YCIOBHH M UL
CJIydasi HU3KOTO pacxo/a.

Tabnmuya 3  Homunanwl cmanoapmHuuix yCao8utl 0Jisi CUCHEM OXAAHNCOEHHOU B00bl

CucreMa OXJIaXKIEHHOM BOJIBI bazoBsie ycnoBus Huskwuii pacxon
Pacxon uepes ucnapuresb, rayi/MuH [11/cek] 1080 [68.1] 675 [42.6]
Temneparypa OXJIa>KICHHOM Ha Bxone 54.0[12.2] 57.0[13.9]
Bojbl, °F [°C]

Ha Bexone 44.01[6.7] 41.0[5.0]
Pacxon uepe3 KoHaeHCaTOp, raji/mMuH [11/cex] 1350 [85.2] 900 [56.8]
TemmepaTypa oxJaKaaromiei Ha Bxonme 85.0 [29.4] 85.0 [29.4]
Bojbl, °F [°C]

Ha BeIxome 94.3 [34.6] 99.1[37.3]
MoruHocTh uniniepa, KBt 256.0 292.0

JlaHHBIH TpUMEp TMOKa3bIBaeT, YTO TEeMIIEpaTypa OXJIaXJECHHON BOABI Ha BBIXOJE CHWKAeTCd, a
TeMmrepaTypa BOJbl Ha BBIXOJE KOHJECHCATOpa YBEIWYMBACTCA. JTO O3HAYaeT, YTO KOMIIPECCop
qriUIepa JA0JDKEH o0ecreduTh OOJBIIYI0 MOLIHOCTh M HCHOJB30BaTh Oojblie sHepruu. Kak 310
MOBIIUSIET HA YHEPTONOTPEOIeHNE BCEH CHCTEMBI B LIEIOM?

OueHNM 3HepronoTpedIeHUe CUCTEMBI [UIS CIIETYIOIINX YCIOBUM!

* Tiepenaj AaBJeHus B TpYOOnpoBoiax oxiaxaeHHoi Boabl = 80 ¢pyroB BoapI[239 kI1a]

* mepenaja JaBjeHus B TpyOompoBogax koHzaeHcatopHoit Boabsl = 30 ¢yroB BoabI[89.7
klla]

* MPOCKTHOE 3HAYCHHE TEMIIEPATypbl BO3/AyXa IO BIWKHOMY TepMomeTpy = 78°F
[25.6°C]

* 3() peKTUBHOCTH paOOTHI ANMEKTPOIBUTATENICH HACOCOB U rpamupHu = 93%

* 3¢ peKTHBHOCTH pabOTHI Hacoca = 75%

* B KOHTypax OXJIXICHHOH M KOHJCHCATOPHOW BOJBI KCIOJB30BaH HICHTHYHBIN
TUopazMep TpyO0 (MM TPOEKTHOE pelleHHWEe, WIM HW3MCHEHHE pacXolOB B
CYIIECTBYIOIICH CUCTEME).
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[lepenan naBneHus Ha YUIUIEpe U3MEHHUTCS. Ecy ncmoap30BaHbl TpyObl OAMHAKOBOTO THUIIOPa3Mepa,
TO Mepemnaj JAaBJICHUS HM3MEHSETCS MO KBAJApaTUYHOM (YHKIMHM B 3aBHCUMOCTH OT BEJIWYHHBI
pacxonga. OTo yTBEp)KACHHE CIIPABEIJIMBO TOJBKO JIS MPSMOJIHHEHHBIX y4aTKOB TPyOOIIPOBOJIOB.
@OyHKIMA U3MEHEHUs Nepenaja JaBjieHNs B 3aBUCUMOCTH OT PacXoja Ha PerylMpyroIIuX KiarnaHax
WJIM OTBOJAX K Harpy3Ke UMEET JPYroi BUI.

HeoOxomuMo paccumTarth pealbHBI Tepenaja JaBieHus B cucteMe. XaseH-Buubsmc (Hazen-
Williams) u Jlapcu-Baiicoax (Darcy-Weisbach) oleHHBAIOT 3Ty 3aBHCHMOCTh KaK JKCIIOHEHTY C
MOKa3aTeJieM CTeleHH, paBHbIM, cooTBeTcTBeHHO 1.85 1 1.90. B npumepax pacyeToB, MpHUBEICHHBIX
HIKE, HCTIONIb30BaHO 0ojIee KOHCEPBATHBHOE 3HAYCHHUE TT0Ka3aTeNs cTeneHH, pasHoe 1.85.

DP2/DP1 = (Pacxo0 2)/(Pacxoo 1) 185

Tabmuya 4 Ycenosus Huzko2o pacxoda 0 HACOCA OXAAHCOEHHOU 800bl

Ba3zoBble ycnoBust Hu3zkwuii pacxon
Pacxon, raia/mun [11/cex] 1080 [68.1] 675 [42.6]
Iepenan narnenus B cucteme, Gyr.B. [kI1a] 80.0 [239] 33.5[100]
Iepenan narneHus Ha mydke ucrapurens, Gyr.B.[k[la] 29.7 [88.8] 12.6 [37.7]
BbIX0Has MOIIIHOCTh Hacoca, J1.c. [KBT] 39.9[29.9] 10.5[7.80]
[MoTpebnsiemast MOITHOCTE Hacoca, KBT 32.0 8.4

3amaBas pas3IMYHblE HOMHMHAJIBl pacxoja M TemIlepaTypbl BOJbl Ha BXOJE IJI YCJIOBUN HH3KOIO
pacxoja MOTYyT ObITh BRIOpaHbI pa3IMYHbIC TPAAUPHU:

Tabnmuya 5  Ycenosus nuskoeo pacxoda 0 2paoupHu

Ba3zoBble ycnoBust Hu3kwuii pacxon
Pacxon, rain/mun [1/cex] 1350 [85.2] 900 [56.8]
Crarnueckuii Harop, pyr.B. [kI1a] 19.1[57.1] 12,6 [37.7]
BrIxomHas MOITHOCTh BEHTHIIATOPA TPATUPHH, 30.0[22.4] 20.0[14.9]
n.c.[kB1]
[ToTpebnsiemast MOITHOCTH BEHTHIIATOPA TPAIUPHH, KBT 241 16.0
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Tabmuya 6  Vcenosus Huzko2o pacxoda 07 HACOCA 800bI KOHOEHCAMOPa

Bba3zoBble ycnoBust Hu3zkwuii pacxon
Pacxon, ran/mun [11/cex] 1350 [85.] 900 [56.8]
[Mepenan naBnenus B cucteme, ¢yrt.B. [kI1a] 30.0[89.7] 14.2 [42.5]
Iepenan narieHus Ha Mydke KOHAeHcaTOpa, GyT.B.[KI1a] 19.9 [59.5] 9.6[28.7]
Craruueckuii Hamop rpaguphH, ¢pyt.B.[kI1a] 19.1[57.1] 12,6 [37.7]
BeixomHas MOIITHOCTB Hacoca, Ji.c. [KBT] 31.4[234] 11.0[8.2]
[ToTpebnsiemast MOITHOCTE Hacoca, KBt 25.2 8.8

CyMMapHaﬂ MOITHOCTBb CUCTEMBI OIIPCACIIACTCA CICAYIOIIUM 06p330M:

Tabnuya 7 Cymmaphas MOWHOCMb CUCTEMbL

MoHocTH 371€MEHTOB, KBT bazoBsie ycnoBus Huskwuii pacxon
Ummtep 256.0 292.0

Hacoc oxytax1eHHOM BOIBI 320 8.4
KonpeHcaTopHbIit Hacoc 25.2 8.8
I'panupus 24.1 16.0
CyMMapHas MOIITHOCTh CHCTEMBI OXJIaXIeHHOH Boasl  337.3 325.2

I[aHHI)Ie aTOM Ta6J'II/IHI)I IMMOKAa3bIBAKOT, YTO BCJIMYMHA pacxoda MOKCET OKa3bIBATb BJIMAHUC Ha
CYMMApPpHYKO MOIIHOCTL CHUCTEMbI IIpU YCJIOBHU MOJHOM HAarpys3Ku. XoTs Inpru  yCJIOBHAX
YMCHBIICHHOI'O pacxoJa YUJUICPD Ipe6yeT OoJIbIIIEH MOIIMHOCTH, HO 3a CUCT CHMKCHUA l'IOTpC6J'ICMOfI
MOIIHOCTHU HACOCOB W TI'paJupPHU B PEIYIbTATC CYMMAPHOC SHCPFOHOTPC6J'ICHI/IC CUCTCMBI TaK>XcC
YMCHbIIACTCA .

YTo mNpOMCXOAMT TPH YCIOBHM HETOJNHOH (4acTuuHOil) Harpy3ku? Ha pucyHke 5 mnokazana
IIPOU3BOJUTEIBLHOCTD MPU YaCTUYHOM HArPY3Ke C YUETOM CIEAYIOLUX NPEAN0I0KEHHUM:

* HACOC OXJIAKJCHHOW BOJBI 000PYA0BAH MIPUBOJIOM C TIEPEMEHHON YacTOTOI;
* KOH/IGHCATOPHBIN HacOC pabOTaeT MPHU MOCTOSTHHON MOILITHOCTH,;

* peryMpoBaHue padOThl TPATUPHU BEACTCS TAKUM 00pa30M, YTOOBI MOJTy4aTh BOIY C
TEMIIepaTypOi HIDKE MPOEKTHOTO (PACYSTHOTO) 3HAYCHHS.
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Pucynox'5  Ilpoussooumenvnocms cucmemvi 0XaaxncOeHHOU 600bl npu Henoanou (vacmuyHot)
Hazpyske
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Harpyska 25% Harpyska 50% Harpyska 75% IloxHas Harpyska

XoTs ycmenrtHocTh A(h(deKkTa TOHWKEHHS pacxoJa 3aBHCUT OT THUMA HCIOJIb3yeMOTO 4YWiiepa
(meHTpOOCIKHBIN, aOCOPOIMOHHBIN, BUHTOBOM, CIIMPATIBHBIN), IS BCEX CHCTEM OXJIKICHHOW BOJIBI
MPaBUIILHOE UCTIOJIH30BAHUE TTOHMKEHHBIX PACXOI0B J1a€T ONpeIeIeHHbIE MPEUMYIIIECTBA.

N3MeHeHne KOHCTPYKIHH 3MeeBHKA (TeMI00OMEHHHUKA) 11l Y CJI0BHii MOHMKEHUS
TeMIIepaTyphbl BOJbI HA BX0/1e

3MeeBUK TpeAcTaBiIsgeT co0oil mpocreiimmii TeruooOMeHHUK. Eciu MBI XOTHM  MOJYYHTh
OJIMHAKOBOE 3HAYEHHE IPOU3BOAUTEIBLHOCTH II0 SBHOMY M CKpPBITOMY TeIUly, IIOJaBas B
TEIUIOOOMEHHUK 0oJiee XOJIOMHYIO BOIY, PETYISATOPbl TEIUIOOOMEHHUKA JOJDKHBI YMEHBIINTh
KOJIMYECTBO BOJIbI, IPOIYCKaeMOl depe3 3TOT TerooOMeHHUK. Korga KolIM4ecTBO BOJBI,
IPOXOAIIECH Yepe3 TEINIO0OMEHHHK, YMEHBIIACTCS, @ BEJIMYMHA [IEPEAABAEMOT0 B TEITIOOOMEHHUKE
TeIUIa OCTaeTCs IOCTOSHHOM, TeMIleparypa BOABI Ha BbIXOJe yBenuuuBaercsa. lloatomy mnyrem
IPOU3BOJCTBA 00JIee XOJOAHOW BOJBI CHCTEMBI C HM3KMM DPAaCXOJOM MOTYT HCIIOJIb30BaThCA IS
cymecTByommx 3maHuil. Ilpu MozepHHM3anuMM CHUCTEM pPEKOMEHIyeTCcs 3aHOBO BBIOpaTh
TEINIOOOMEHHMK C MOMOIIBIO IPOrpaMMbl MOA00pa, pa3paboTaHHON HM3roTOBUTENEM, I "HOBOM"
TeMIepaTypbl OXJaKACHHOW BOJBI, 4YTOOBI oOecmeyuTh TpeOyeMyl0 MPOU3BOIUTEIBHOCTD,
COOTBETCTBYIOLLYIO 33/JaHHBIM YCIIOBUSM.

Eci BO3MOXXHOCTB MOJTYYUTh JaHHBIE MO TIPOU3BOIUTEIBHOCTIM TEIUIOOOMEHHUKA OT NU3TOTOBUTEIIS
OTCYTCTBYET, HEKOTOpBIC MPOCKTUPOBIIMKH HCIOJB3YIOT CIeAyoliee MPUOIIKCHUE: Ha KaKIble
1°F-1.5°F [0.6°C-1.1°C] CHmwxeHHsI TeMIlepaTypbl BOABI Ha BXOJE TEIUIOOOMEHHHUKA, TEMIIEpaTypa
BOJIbI Ha Bo3Bpate Bo3pactaeT Ha 1°F [0.6°C], oOecnieunBas mpu 3TOM MPUOIU3UTEIBHO OTHHAKOBBIC
3HAUCHHS TIOJIHOM MPOHU3BOAUTEIBHOCTH U MIPOU3BOAUTEIHHOCTH T10 SIBHOMY TETLTY.
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PaccMoTtpum, Hampumep, TEMII000MEHHHK, pabOTAIONIHMIA TIPH TeMIIepaType BOJBI Ha BXOJIE, PABHOI
44°F [6.7°C] u Temmepatype BOAbI Ha BbIXoJie, paBHOU 54°F [12.2°C]. [Ipu cHmwKeHHH TeMnepaTypbl
BO/IbI Ha Bxoze g0 41°F [5°C], remmeparypa BoJbI Ha BBIXOJIE TEIJIOOOMEHHHKA OYIET COCTaBIATh
okoJio 56°F-57°F [13.3°C-13.9°C]. OroT npumep MoOKa3aH B TAOJHUIIC HIKE.

Tabmuya 8  Dpdpexm nonudsicenus memnepamypsbt 600bl

OpuruHaIbHOE CHmKEHHE TeMIIepaTypbl OXJIAXKICHHOM BOIbI Ha 1°
3HAUCHHUE YBENUYEHHS POCTa TEMITEPaTyphl BOJIBI HA BO3BpaTe,
QF [OC] QF [QC]
Temmepatypa Bxon 44[6.7] 1° 41[5.0] 15° 41[5.0]
BOJIBI B Beixon 54[12.2] 57[13.9] 56[13.3]

TEIUIO0OOMEHHUKE

B ciyuae ucnosnp30BaHusT BOJBI ¢ HU3KOW TeMIIEpaTypod Ha T0jave eAWHCTBEHHOE OECIOKOMCTBO
BBI3BIBACT CTIIOCOOHOCTD KJIalaHa MPaBHIIbHO PETyJIHMPOBATh PACXOJ NPU YCIOBHSAX HU3KUX HArpy30K.
[IpaBuwibHO MOAOOpaHHBIM KJIamaH XOpOLIO MOXET paboTaTh M B YCJIOBUSX CHCTEM C MallbiM
pacxonoMm. Ecii kimanan He MOXXeT HOPMaIbHO paboTaTh B yCIOBHSAX HOBOI'O JHANa30HA PacXooB,
BO3MO’KHO, HEOOXOMMO BBITIOJIHUTE €ro 3aMeHy. OIHaKoO 3aMeHbI TEINIO0OOMEHHHKA B ATOM CIIydyae
He TpeOyeTcs.

Onuuu rpaaupeH, padoTawIMX NP HU3KOM pacxojae
I'papupHs MeHbLIEr0 THIIOPa3Mepa
Takxe kak u 3MCCBHUK, I'paIUpHA IPCACTABJLICT co0oi Tel'IJ'IOO6MeHHI/II(, XOTs 4aCTO 3TO NPHUBOJUT K
HEIPAaBUJILHOMY ITOHMMAHUIO. B rpagupHe uMeeT MecTo TEIIO0OMEH MEXy MOCTyHaroIel Teraon
BOI[OI71 u Oprmameﬁ Cpenoﬁ. Hcnons3oBanue KOHICIIIHUKU HHU3KOT'O0 pacxola IJIAd HOBOM CHCTEMbI
WIH TIPY 3aMeHe TPaJUpHHU TO3BOJIET BBIOPATh MPaAUPHIO MEHBIIIET0 TUIIopa3Mepa ¢ 6ojiee BHICOKOM
3(h(HEeKTUBHOCTHIO. 3a CUET YETO 3TO CTAHOBUTCS BO3MOKHBIM ?
Tak Kak KOJIMYECTBO OTBOJHUMOI'O TCIJIa ABJISCTCA l'IpI/I6J'II/ISI/ITeJ'II)HO PpaBHBIM B CHCTCMaAX,
pa6OTaIOHII/IX INpru CTAHOAPTHBIX YCJIOBHUAX, U B CHCTEMAaX C HU3KUM pPaCXOoAOM, MbI MOXCM
OIPeAEIUTh BEIMYMHY TEIUIOOOMEHHON MOBEPXHOCTH, HEOOXOJMMYK Al OOECIEeYEeHHI0 OTBOJA
Tenia.

Q=UALAT =UA2AT2 unu A1IAT1 = A2 AT2

rae A= noBepxHocTh, U= koaddununent remnonepenaun; AT = pa3HOCTb TeMIIEpaTyp

Jlia cTaHIapTHBIX YCJIOBUM Pa3HOCTh TEMIIEPATYp MEXAY TEMIIEpaTypoi BObl HA BXO/E B IPAJAUPHIO
U TeMIIepaTypoi Hapy>KHOTO BO3/lyXa 110 BlaxkHOMY TepMomeTpy AT1 paBna:

AT1 =94.2- 78 = 16.2°F [34.6 - 25.6 = 9.0°C]

I[J'ISI CHUCTCM C HU3KHM paCXOoa0M BEJIMYMHA AT2 06b19HO paBHa:

SYS-APMOO01-EN 29

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

AT2 =99.1-78=211°F[37.3-25.6=11.7°C]
[Tostomy: A1x 16.2=A2x 21.1 wnu A2=0.77 Al

[Tpou3BOAUTENBHOCTh TPAAUPHU MOXKET OBITh M3MEHEHAa WIM IyTeM H3MEHEHHs IOBEPXHOCTH
TEIUI000MEeHa WM IMyTeM W3MEHEHHUS PacXoa BO3AyXa WM MyTeM KOMOMHAILIUYU 3TUX JIBYX METOJIOB.
[TporpamMel BeIOOpa, pa3paboTaHHbIE H3TOTOBUTENIEM, IO3BOJIAIOT TOYHO OTIPEACIUTh THIIOpa3Mep U
MOIIHOCTh. B mpumepe, mokasanHoM B paszene "Bpibop HOMHHAanma pacxona” HCIOJIB30BAIOCh
CHIDKEHHE O0OMX TIapaMeTpoB. THIOpa3Mepa TpaJupHH M pacxona Bo3ayxa (T.e. CHIKCHHUE
MOIIHOCTH BEHTUISITOPA).

Tunopa3mep rpajupHu ocTaeTcsi 6e3 H3MEHEHHUsI, HO CIIOJIL3YeTCsl MeHbIee 3HAYEHHUEe
TeMIepaTypHoro npud.:keHus (approach)

JpyruM cnocoGoM sIBJISIETCSl UCIOJb30BAaHWE IpaJUPHHU TAKOTO K€ THIOpasMepa, HO Ipu Oojee
HHU3KUX HOMHHAJIaX PacxoJoB. Bo BHOBb MPOCKTUPYEMBIX CHCTEMax TaKOE PEIICHUE MPHHUMACTCS
Ha YpPOBHE pa3pabOTKM MPOEKTa, a B YK€ CYIIECTBYIOIIMX CHUCTEMax 3TO 4YacTO SBIAETCA
NPHUHYIUTEIbHBIM perienueM. [Ipennonaras, 4To Harpy3ka Mo TEIIOChEMY OCTaeTCs TOH jke CaMOH,
cucteMa ¢ 0ojiee HU3KHUM pPacxXoZiOM IO3BOJIET MOJIyYUTh OOjiee XOJIOJHYIO BOLY Ha BO3BpaTe OT
rpanupHu. [loaToMy BeM4HMHA TEMIIEPAaTypHOTO MpUOImKeHus (approach) rpaiupHu K Temreparype
HaApY>KHOTO BO3yXa MO BIOKHOMY TEPMOMETPY yMEHbIIaeTca. B paccMOTpeHHOM BbhIlIe IpuMepe
CUCTEMBI OXJIXKIIEHHOW BOABI ¢ mpousBoauteabHOCTBI0 450 TonH [1580 kBT oxmaxaenus| ta xe
camasi TpaJMpHs TI03BOJISIET MOJYYUTh TEMIIEpPaTypy BOJBI Ha BXOJAe KOHJEHcaTopa, paBHylo 83.5°F
[28.6°C] Bmecto 85°F [29.4°C] nnisi rpagMpHM MEHBLIETO TUIOpasMepa. BakHO TOHATH, 4YTO
TEMIIepaTypa BOJIbI Ha BXOJIE B IpajupHio OyzaeT npudiamsutensHo paBHa 97.6°F [36.4°C]. IToatomy
3¢ deKT BIUAHUS CHIDKEHUSI pacxoja Ha 3HEPrornoTpedseHre YMuiepa YaCTUYHO KOMIIEHCHPYETCS
MOHIDKCHUEM TeMIIEpaTyphl BObI HA BXOJIE B KOHICHCATOP.

Tunopasmep rpagupHu octaercs 0e3 H3MeHeHHs1, HO UCIOJIb3yeTcsl YHLIep 00J1bIIero
THIOpa3Mepa

MHoOTHUX BiafesblieB 3[aHUil MPHUBICKACT TPH BHITIOJHCHUN MOJICPHU3ALNH OIIIMS UCIIOIb30BAHUS
qypyUIepa OOJIBIIETO TUIOpa3Mepa Ul YK€ CYIIECTBYIOLUIMX I'PaJupHHU, KOHIEHCATOPHOIO Hacoca U
TpyOOIPONPOBOZOB BOABI KOHAEHCAaTOpa. Bo MHOTHX Cilydasx 3TO MO3BOJISET BIAJENIbLEM 3JaHUH
YBEJIMYHUTH TPOM3BOJAUTEIBHOCTh CHCTEMBI OXJIAKJICHHOW BOJIBI TPH HAIMYMH OrPAHUYCHHBIX
cpeact. B tabmne 9 mokasaH mpuMep 3aMeHBI CYIIECTBYIONIETO YMILIEpa MPOU3BOIUTEIBHOCTHIO
450 Tonn (1580 kBt) wuwwmwiepom ¢ mpousBoauTenbHOCTRIO 675 ToHH (2370  kBrT).
[Tpon3BoanTeIEHOCTH BO3pacTaeT B 3TOM ciydae Ha 50 mporieHToB. bosee moapoOHO 3TOT mpumep
obcyxnaetcs B cienytomieM paszaene ("Konduryparun cucremsr"). Baxkao BbIOpaTh HOBBIN YHILIED,
UCXO/JISI U3 HOBBIX YCIIOBHH PabOTHI.

SYS-APMOO01-EN 30

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Tabmuya 9  Hzmenenue npouzso0umenbHOCmMU NPy MOOEP HUZAYUU

CyuiectByroimas MoaepHuzanus
yCTaHOBKA
ITpou3BOAUTEILHOCTD, TOHHBI 450 [1580] 675 [2370]
[xBT]
I'pagupHs Pacxon, ran/mun [11/cex] 1350 [85.2] 1350 [85.2]
Temmnepatypa Ha Bxoxe, °F [°C] 94.3[34.6] 103 [39.4]
Temmnepatypa Ha Beixozae,’F [°C] 85[29.4] 88 [31.1]
Temreparypa HapyKHOTO BO3IyXa MO
BIaxxHOMY Tepmomerpy, °F [°C] 78 [25.6] 78 [25.6]

Pacuer 3aTpar

Tonpko 3a cUET CHUXKEHHS HOMMHAIIOB pacxoaa OXHa)KHeHHOﬁ 50151 KOHI[CHCﬁTOpHOfI BOABI
BO3MOJKHO CHMIKCHHUEC CIICAYIOIINX KAalUTAJIbHBIX 3aTpart.

* CHIKEHHE CTOMMOCTH 3a CYET YMCHBIICHHE THIIOPA3MEPOB HAcOCa, BEHTHIICH,
(WIBTPOB OYKUCTKH BOJIbI, QUTHHTOB U JIEKTPOTOAKTFOUCHH .

* B HOBBIX cHCTeMaxX CTOMMOCTh YMEHBIIIACTCS 3a CUET CHUKCHHUS THIIOPa3MEpPOB
TpyOOTIPOBOIOB.

* B cyriecTByrONMX CHCTEMax sl YK€ CMOHTHPOBAHHBIX TPYOOIPOBOIOB OXJIaX ICHHOM
BOJIbI MOXKET OBITh MOJTy4eHA OOJIBIIIAs TIPOU3BOAUTEIBHOCTb.

* CHW)KCHHE CTOMMOCTH 3a CYET YMCHBIICHHS TUIOpa3Mepa TPaJupHHU, YMEHBIICHHS
TUTOINA/IH, HEOOXOAUMOM /ISl pa3MEIleHHS U MOIIHOCTH BEHTHIISITOPA.

[Tpu ompenenaeHUU THIIOPa3MEPOB JIEMEHTOB BHOBb COOPYXKAEMBIX CHCTEM HEOOXOAMMO TOMHHTH,
YTO MPH YMEHBUICHUN TUIIOPa3MepPOB TPyOOPOBOIOB YMEHBIIAIOTCS TaKXKe pa3Mepbl BEHTUICH U HX
cTouMoCcTh. OJHAKO YyYHUTHIBAWTE, YTO YMEHBIIEHHE THIIOPAa3MEpOB TPYO NPUBOIUT K POCTY
nepenaga naBieHus. Haxoaure OonTHMyM MeXTy MEPBOHAYATBHOW CTOMMOCTBHIO (KalHMTaIbHBIMU
3aTpaTaMu) M KCILTyaTallnOHHBIMHU PACXO0JIAMHU.

3atpathl Ha MOJIEPHHU3AIMIO MOTYT OBITh CYIIECTBEHHO CHIDKEHBI 32 CYET MCIOJIb30BAHUSA
CYIIECTBYIOLINX TPYOOIIPOBOIOB.

KpOMe TOT'O IpHU HUCIIOJIb30BAHHUUN HHU3KOT'O pacxolda MOKET OBITE BI)I6paHa rpaaypHsa ¢ MCHbIIMMU
Fa6apI/ITHI)IMI/I pasMepamMu. YMeHblIeHne miom@aan el pasMCUICHUA MOKET OBITh BBI'OJHO
HCIIOJIB30BaHO BJIaACJIbIIaMU 3HaHHI>i CJICAYIOIIUM O6p830M:

® CHHJXAKTCA Tpe6OBaHI/I$I K HCABHXXUMOCTH (‘IaCTO 3TOT (1)aKT HCI[OOLICHI/IBaeTCSI);
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* CHIDKAIOTCSI TpeOOBaHUs K KOHCTPYKIIUH, TaK KaK KOJMYECTBO BOABI IPATUPHH
YMEHBILAETCH;

* YMEHBILAIOTCS PACX0/Ibl HA MaTepHUaIbl (B CIIydae UCTIOIB30BaHMs OOJBIINX
BCTPOCHHBIX OCTOHHBIX TIPUSIMKOB I'PAJIUPEH);

* COBEPILIEHCTBYETCS 3CTETUUECKUN BUJ KOHCTPYKLIMU 110 IPUYMHE YMEHBIIEHHS BBICOTHI

IPagUpHHU.

Hapsiny co CHMKEHHMEM KalUTaJIbHBIX 3aTPaT BO3MOXHO CHIIKCHHE DKCILTYaTallMOHHBIX PACXOIOB
IUIS BCEH CHCTEMBI. 3a CUET WCIOJIb30BaHMS HACOCA/WIIM TpajpHH MEHBILIETO TUIIOpa3Mepa
CHIDKEHHUE SKCIUTyaTallMOHHBIX PAaCXOJ0B Ha MX PabOTy KOMIICHCHPYET POCT JKCIUTyaTallHOHHBIX
pacxomoB umiepa. [ pacdera TOJOBBIX IKCIUTyaTAlIMOHHBIX PACXOJ0B MOTYT HCIIOJIB30BAThCS
nporpammbl Tuna DOE 2.1, TRACE™ wm System Analyzer™. B pa6orax Hopnuna u lsennepa (
Nordeen, Schwedler) [6] moka3aHo, YTO IKCIUTyaTAllMOHHBIC PACXOJbl B CHCTEMAaxX OXJIAKJICHHOU
BOJIbI, HCIOJIB3YIONMX a0COPOIMOHHBIE YWIUIEPhI, MOTYT OBITh 3HAYUTEIBHO CHWKCHBI 3a CYET
YMEHBIICHUSI pacxola BOJBI 4Yepe3 KoHIeHcarop. Ha pucyHke 6 moka3aHO CpaBHEHHE
IKCIUTYaTal[HOHHBIX PACXO0JIOB, BBINOJHEHHOE C IMOMOIIBI0 KOMITBIOTEPHOW MporpaMmbl System
Anayzer™,

Pucynox 6 T'odogvie sxcniyamayuontsle pacxoobl

$4UUU|:| TR e e e e e s s o e
b L]
hris. o0
F30 100
Fea 00N
4001000
85,000
£10,000

5 000

4.45 (ran/mun)/tonny  3.60(ran/mun)/ToHHY 3.09 (ran/mun)/ToHHY

Kemmu n Yen (Kelly, Chan) [5] BeimonHmIM cpaBHEHHE HKCIUTYaTAallMOHHBIX PACXOJIOB B CHCTEMax
OXJIQKACHHOH BOJIBI HA PA3IMUHBIX 00beKTax. OHU MPHIILTH K CIIEIYIONIEMY 3aKITFOYCHHUIO:

" B OonpmmHCTBE citydaeB Oojiee Beicokoe 3HaueHHe AT u CcBS3aHHOE C HUM CHUKEHHE
pacxo/ia He TOJBKO MO3BOJISET SKOHOMHTH KallUTAIbHBIC 3aTpaThl (Ha COOPY)KEHHE), HO U
OOBIYHO MPHUBOAUT K COKPALCHHIO OSKCIUTyaTallMOHHBIX pPAacXoJ0B 3a ToA. ITo
MIOJIOKEHUE, B TMEpPBYIO OYepelb, CIPaBEAJIMBO [JI1 CJIydyaeB, KOIJa CpEACTBa,
CBH3KOHOMJICHHBIE IIPU COOPYKEHUH YCTAHOBKH, IOBTOPHO UHBECTUPYETCS B COOPYKEHUE
6osiee 2 PeKTUBHBIX YMIUIEPOB. B Xyaiem ciydae, €ciid CTOUMOCTD YHIIJIEPOB OCTAeTCsI
HEU3MEHHOM, TO0BBIE AKCIUTyaTallMOHHBIE 3aTpaThl MPH HUCHOJIb30BAaHUH 00Jiee HU3KUX
pacxogoB BOJBI HAXONATCA MPUOIM3UTENIFHO Ha YpPOBHE TOAOBBIX 3arpar M
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"cTaHmapTHBIX'  HOMHHAJIOB  pacxonoB. OJHAKO  CTOMMOCTh  MEpPBOHAYAIBHBIX
(kamuTaMBHBIX) 3aTpaT MPU 3TOM CHIDKaeTCs."

HeraBPIJ]I)HOC NMOHUMAHMEC KOHICIIIHUHA HU3KUX HOMHUHAJIOB pacxoaoB
HeKOTopoe HEIONIOHMMAaHME KOHICIIIMH HU3KUX PAaCcX0J0B 3aKJIFOYACTCS B CJIICAYIOIICM

1. Hcnosib30BaHHE HHU3KHX PACXOJOB XOPOIIO TMOAXOAMT TOJBKO JJs JIMHUK TPyOONpPOBOJOB
OOJIBILION JUITNHBEI.

2. Hcnonp3oBaHne HU3KHAX PacxXoJ0B XOpOUIO MOAXOAUT TOJIBKO IJII YHIIJICPOB OT OIMPCACIICHHBIX
HpOHSBOI{HTCJ’ICﬁ.

3. Huzkue pacxobl MOTYT UCTIOJB30BAThCS TOJIBKO BO BHOBH COOPYKAEMBIX CHCTEMaX OXJIaXKICHHON
BOJIBL.

PaCCMOTpI/IM KaxXJ10€ U3 3TUX OIIIMOOYHBIX HpeHCTaBHeHHﬁ:

Henpasunvnoe ymeepocoenue 1 - Henonvzosanue Hu3Kux pacxo00e Xxopouio nooxooum moipKo
0715 TUHUTL MPYOONPOB0008 HObUION OTUHBL

UYToOBI NPOSICHUTH JAHHBIM BOIPOC, UCIIOJIB3YEM HAIl MPEABIAYIIHA MPUMeEp, HO 0OpaTuM OoJibliee
BHMMAaHHE Ha KOHTYP IHUPKYJISIIMUA BOJBI Uyepe3 KoHaeHcaTop. V3yunM cucTemy, pacCMOTPEHHYIO B
pasnene "Bribop HOMHHANIOB pacxona’. Mcmombs3yeM TOT ke YMIuIep, HO Uil TPAJTUPHHU MEHBIIECTO
THUTIOpa3Mepa ¥ NpH Tepenaje AaBJICHUs B CHCTEME, paBHOM HYIH0. M3yunm 3pdexT yMeHbIIeHHs
HOMHHAJIA pacxo/a JUIs TaKOH CUTYaIHH.

Tabmuya 10 Bausnue cuudcenue pacxooa

Ba3zoBble ycnoBust Hu3zkwuii pacxon
Pacxon, rain/mun [1/cex] 1350 [85.] 900 [56.8]
[Mepenan naBnenust B cucteme, ¢yrt.B. [kI1a] 0 0
Iepenan napineHus Ha my4ke KOHACHCATOPa, QyT.B.[KI1a] 19.9[59.5] 9.6[28.7]
Crarnyeckuii Hanop rpagupHy, GpyT.B.[KI1a] 19.1[57.1] 12.6 [37.7]
BhIX0Hast MOIIHOCTh Hacoca, J1.c. [KBT] 17.7[13.2] 6.7 [5.0]
[ToTpebnsiemast MOITHOCTE Hacoca, KBT 14.2 54
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Pucynok 7 Cpasnenue snepeonompebnenus cucmem (6e3 mpyoonposooos)

Duepronotpednenue cucremsl (kBt/uac)
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Harpy3ka cucremsl

Ha pucyHke 7 mOKa3aHO SHEPromnoTpeOicHHe ¢ ydeToM paboThl YWiiepa, IUTC pPaboThI
KOHJICHCATOPHOTO HAacoca, IUIC paboTa BEHTUIATOPOB IPaJUpHU. YUTHTE, YTO MOJHAS MOIIHOCTH
YCTAHOBKH OXJI&KICHHON BOJBI BO3PACTACT TOJBKO MPH MOJHOW Harpyske. IIpy 5TOM ydUTHIBaiiTeE,
9YTO JaHHBIC TPHUBEAEHBI JUIS Ciiydas aOCOJIOTHOTO OTCYTCTBHMS IMeperana JaBjeHUs Ha
TpyOOMpPOBOAaX BOJABI KOHACHCATOPA, BEHTWIAX WIH (QUTHHTaX. IHTEPECHO OTMETHTH, YTO HAIoOp B
TOYKE pa3phiBa MPHU TOJHOW Harpy3ke cocTaBisieT okoyio 8 ¢yroB (Boabl) [23.9 klla]. O6patute
BHUMaHHME TaKkKe Ha TOT (DaKT, YTO MPH BCEX 3HAYEHHAX YACTUYHON (HETMONHOW Harpys3KH)
CyMMapHasi MOIITHOCTh CHCTEMBI C HU3KHM PacX0JI0M HaXOIUTCS HUKE, YeM Uil 0A30BOM CHCTEMBI.
JIerko TOHSATBH, YTO JaKe /IS KOPOTKHX JIMHHA TPYOOTPOBOJOB COKpAIllCHHE HOMHHAIA Pacxoja
NPHUBOJIMT K YMEHBIICHUIO SHEPTOMOTPEOICHUS BCEH YCTAaHOBKH.

Henpagunvnoe npedocmaenenue 2 - Henonv3osanue HU3Kux pacxo008 Xopouio no0xXooum mouabKo
07151 YULTIEPO6 OMm ONPedeeHHbIX NPOU3BO0Umenell

Hemupuan [3], Dneii [4], a Taxxe LBemnep nu Hopaun [6] He3aBucHMO Opyr OT Apyra Mokasaju, 4To
9HEPronoTPEOICHNEe CHCTEMBbI MOXKET OBITh CHH)KEHO ITyTEM YMEHBIICHHS HOMHUHAJa pacxoja.
HHTepecHO 3aMeTUTh, YTO B yKa3aHHBIX pabOTax M3y4asCh CUCTEMBI, HCTIONB3YIONINE YHILUIEPBI OT
pas3IMUHBIX U3roTOBUTEIeH. HecMOTpsl Ha 3TO SKOHOMHS SHEProNOTPEOICHUS CUCTEM COCTABHIIA OT
2.0 no 6.5 mpornentoB. Bo Bcex ciyuasx, HE3aBHCUMO OT TOTO, YHIUIEP KaKOTO HW3TOTOBHTEIIS
UCTIONIB30BAJICSL B CHCTEME, OJHEPronoTpeOJeHHe CHCTeMbl CHWXKanoch. Jlemupuan [3] wu
Iseiep/Hopnun [6] oTMeuaroT Takxke cokparieHne GadpuaHON IEHbI CUCTEMBI.

Henpaeuﬂbnoe npedcmaeﬂenue 3- Hu3l<uepacx00bt MO2ym UCROJIb306AMbCA MOJIbKO 60 6HO6b
coopyricaemublx cucmemax 0X1ACOCHHOIL 600bl

Kak Obu10 MOKa3aHo paHee B pazzienax "M3MeHeHHne KOHCTPYKIMH TETIOOOMEHHHKA (3MEEBUKA) MPU
CHW)KEHHUU TeMmIepaTypsl BOAbl Ha Bxojxe" u OnmuM rpagvpeH IpHU HU3KUX pacxojax ',

UCTIOJIb30BaHKe Oojiee HHU3KUX HOMHHAIOB PAcXOJOB IS CYIIECTBYIONMICH HWH(PPACTYpPYKTYphI
(macocoB, TpyOOMPOBOJOB, TEIJIOOOMEHHHUKOB M TPAJUPEH) MOXKET OBITh HCIOJB30BAHO U JUIS
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YBCIIUMUCHUA XOJIOAOIPOU3BOAUTCIILHOCTU u/unu IJis1 CHWOKCHUA PpacXoJO0B Ha SHCPFOHOTPCGJ'ICHI/IC
CHUCTCMEI.

Takum 00pa3oM CHUCTEMbI C HU3KMMH 3HAUYCHUSIMU PAcXoja IMO3BOJIIOT OCYIIECTBISITH SKOHOMHIO
CpeACTB Aaxke Ui CIy4aeB Majloi JUIMHBI TPYyOOIPOBOJOB, MPU HCIIOIB30BAHUN YMIJIEPOB OT BCEX
W3TOTOBTEJICH M TMPH MOJACPHU3AIMK CYIIESCTBYIOIIUX YCTaHOBOK. [Ipy BBIIOJHEHHH pPa3pabOTKU
MpoeKTa He 3a0yabpTe MPOUH(OPMHUPOBATH BIIAJENbIA 3JaHUsI O MPEUMYIIECTBAX TaKUX CHCTEM. Bo
MHOTHX CIydyasiX MHCIOJIb30BAHUE CHIKEHHBIX PpACXOJOB IMO3BOJSET TMOJYYHUTh 3HAYUTEIbHBIN
BBIUTPBIII.

JiutepaTtypHble CChIJIKH:

1 ARI Standard 550/590-1998, Standard for Water Chilling Packages Using /7 VVapor Compression
Cycle, Air-Conditioning & Refrigeration Institute.

2 ARI Standard 560-1992, Standard for Absorption Water Chiller and Water Heating Package. Air-
Conditioning & Refrigeration Institute.

3 Demirchian, G.H. PE and Maragareci, M.A. PE.: "The benefits of higher condenser-water AT at
Logan International Airport central chilled-water plant." IDEA 88th Annual Conference Proceedings,
1997, pp. 291-300.

4 Eley, C.: "Energy analysis-replacement of chillers for buildings 43, 47, and 48."Eley Associates,
CA, April 1997.

5 Kelly, D.W. and Chan, T; "Optimizing chilled-water plants" Heating/Piping/ Air Conditioning,
January 1999, pp. 145-7.

6 Schwedler, M,, RE. and Nordeen, A.; "Low flow works for absorbers too!" Contracting Business,
November 1998, pp. 108-112.
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Kondurypauuu cucrem

MHoroYHUIepHbIE CHCTEMbBI PACIIPOCTPAHEHBI 00JICe MTUPOKO, YEM CUCTEMBbI, 000PYI0BaHHBIC OIHUM
YHIUIEPOM, 10 TOH )K€ MPHUYKHE, TI0 KOTOPOH 00JIee 4acTO UCIIOIB3YIOTCS CaMOJIeThl, 000PYIOBaHHBIC
HECKOJIbKUMH JIBUTATeIIMU. VICTIOJIb30BaHUE HECKOJIBKUX YHJUIEPOB TO3BOJISICT OO0CCICUYHTh
ONTUMAJIbHBIN OallaHC HAJEKHOCTH U CTOMMOCTHBIX MOKa3zareneid. HambOoyee TUIMYHA CHCTEMA,
00OpyaOBaHHas IBYyMs YHIUIEpaMu. [10CKOJIbKY Harpy3kd CHCTEMbI MOTYT U3MEHSTHCS B HIMPOKOM
AMana3oHe, CUCTEMBbI, COCTOSIIME W3 HECKOJBKMX YWIUIEPOB, MOTYT 4YacTo paboTarh Ha OJHOM
yruiepe. B TedeHue Takux mepuonoB (ecim cucTemMa ObUTa CHPOSKTHPOBAHA MPABHIBHO) MOYKET
OBITH COXpaHeHa HHeprus, TpeOyemas i paOdOThl BTOPOTO YH/UIEpA M €r0 BCIIOMOTATEIBHOTO
000pyTOBaHUS.

Hapaﬂﬂenbnoe MOAKJIIOYCHHE HECKOJIBKUX YHJUICPOB

Ha pucynke 8 moka3ana cuctemMa #3 JABYX YWUIEPOB, MOJIKIIOYCHHBIX MapaJlIeIbHO U
000pyTOBaHHBIX OJJHUM HACOCOM OXJIAKIECHHON BOJIBI.

Pucynok 8 Cxema napannenbhoeo noOKIOUeHUs YULLePO8 C OOHUM 0OUUM HACOCOM
OXNIANHCOEHHOU 800bl

R4 17,770

h-|5¢*F|12.2*|:.

(BBIKITFOYCH) 4F [5.0°C]
ITocrosauHbIH Ea El ‘
pacxon I~
1 = = T avripen

Yumnep 1 (BitoueH)

JIiist Harpy30K € TMOCTOSTHHBIM PacXoloM, BOJa MPOTEKaeT B 000MX YHIUICpax HE3aBUCHMO OT TOTO,
HAXOAUTCS JIU 4Wiep B pabote win HeT. OYEBHUAHO, YTO ITO MOKET HAPYIIUTh MOIACPIKAHHUE
TEeMIIepaTyphbl OXJIaXKICHHONW BOJBI B CHUTYallMH, KOTAa B pabOTe HAXOMMTCS TOJNBKO OJWH YHILICP.
3HauCHUs TEMIIEPATyp Ha PUCYHKE 8 MOKa3bIBAIOT, KaK BO3pacTacT TeMIEpaTypa BOIbI Ha Toadye,
eCIM OJUH YWIUIEp OTKJIIOYACTCS MPH YCJIOBUSIX YaCTUYHON HArpy3kd. DTO MOXKET MPHUBECTH K
HAPYIICHUIO TIPOIECCa OCYIICHHsS WM HEBO3MOYKHOCTH O0ECIEYUTh TPEeOOBAHHS CHCIIUATBHBIX
notpedutenei (Harpy3oK).

AnbTepHaTHBON U1 TAaKOM CHUTyalluM MOXeT OBbITh MepeHacTpoiika paboTaromiero ywijepa Ha
MIPOM3BOJICTBO BOJBI C Oosiee HU3KOM TemrepaTypoil Ha mogaye. B 3Tom cirydae Temmeparypa cMecu
M0JIaBaeMOil BOJABI MOKET TMOJJCPKUBATHCS HAa MpuemieMoM ypoBHe. OJHAaKO 3TO MPUBOAUT K
YCTIOKHEHUIO CUCTEMBI PETYIHPOBAHUS U BO3MOXKHOMY YBETHUCHHIO SHEPronoTpelneHus duiiepa
3a cyeT TpeboBaHMS Ha MPOU3BOJCTBO BOJBI ¢ Oojee HU3KOW TeMmepaTypoil. Kpome Toro ams sToro
YHJUIEpa CYIIECTBYET OTPaHUUEHHE TI0 MOHKEHUIO TeMIlepaTyphbl MPOU3BOIMMO BOJIBI, 3aBHCSIIECE
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OT IIpcaciia Cpa6aTI)IBaHI/IH 6J'IOKI/IpOBKI/I N0 HU3KOMY OAaBJICHUIO YHIIICpA, OT MPCACiIa 10 HU3KOMY
SHAYCHHUIO TCMIICPATYPbl XJIaAAar€HTa B MCIIAPUTCIIC WKW MPCACIIOB I10 HU3KOU TeMIICpaType
OXJIAXKICHHOM BOJBI HA BBIXOJE.

PucyHOK 9 Cxema napajineilbHoco NOOKTIOYEHUSA uniepoes cpa3deﬂbezmu Hacocamu
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Ecnrm B cXeme HCHONB3YIOTCS 4YWUICPHl € pa3leldbHBIMM  Hacocamu  (pucyHok 9),
BKJIFOYCHHE/BBUTIOUCHHE Tapbl YMIUIEP-HACOC MOXKET BBIMOJHATHECS COBMECTHO. DTO TO3BOJISIET
peimuTh npoljeMy CMelIeHHs TMOTOKOB, HO CO3/1aeT HOBYIO, JOMOJHUTENbHYIO TpoOiemy. Ilpu
OZTHOM pabOTaIoIIEM HAacoCe CyMMapHBI pacXoj CUCTEMbl 3HAYUTENILHO CHIDKaeTcs. HezaBucumo ot
TpeOOBaHUIl Harpy3KH Bce TEPMUHAIIBI MOTPeOUTENEH CUCTeMbI OyIyT MOJIy4yaTh MEHbIIIE BOABI. JTO
MO>KET MPUBECTH K "UCTOLICHUIO" HArPY30K, PACIOIOKEHHBIX Ha HAMOOJIbIIEM yJaIeHUH OT Hacoca.
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ITocaegoBaTesibHOE MOAKIIOYEHHE HECKOJILKHX YUJIJIEPOB

Ecmu YUJUICPBI NOAKIIFOYCHEI MMOCJICI0BATCIIBHO, KaK IMOKA3aHO Ha PHUCYHKCE 10, ncyue3acT np06neMa,
CBiA3aHHas1 C TeMnepaTypoﬁ CMCHICHHA IIOTOKOB, H HpO6HeMa OTCYTCTBUA pacxoaa UYCpe3
TEIIOOOMEHHHUKU B CUTyalluu, Korga OJHH H3 HACOCOB HEC pa60TeT. HpI/I IOoCIACA0BATCIBHOM
INOAKIIIOYCHHWHY BO3HHUKAIOT HOBBIC ’I’peGOBaHI/IH K PEryJIMPpOBaHHIO TEMIICPATYPHI U pacxoa.

Pucynox 10 Ilocrnedosamenvroe nookmouenue yuuiepos
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[Ipu mocemoBaTeNbHOM CXeMe BKIIIOUEHHS PAcXO/l Yepe3 KaXKIblidi YHIIp PaBeH MOJHOMY PacXomy
cuctembl (B 1Ba pasa OOJIBIIIE, YeM PacXo]l uepe3 OTJACIIbHBIN YUILIep TPH MapauIeIbHOM BKITFOUCHUH
JBYX UHJUICPOB). IJTO O3HAYAET, YTO HCHAPUTENh YHWUIEpa JODKCH NPUHUMATh YIABOCHHOE
KOJIMYECTBO BOJBI. Bce ocTaibHbIC MapaMeTphbl OCTAIOTCS PABHBIMH, YTO TPUBOJIUT K CHUKCHHUIO
3G GEeKTHBHOCTH PA0OTHI YWLIepa. DTO CHUXEHHE 3()(PEKTUBHOCTH HE KOMIICHCHPYET POCTOM
3G GEKTHBHOCTH 3a CUET TOTO, YTO YHIUIEP, Pa3MELICHHBIN BBIIIC MO MOTOKY, paboTaeT mpu OoJee
BBICOKMX 3HAYCHHAX TeMmrepaTypbl. KpoMe TOro, eciv 4Yuiuiepbl MOJKIFOYEHBI MOCIEA0BATEIBHO,
MOTEPH JAABJICHHUS CYMMHUPYIOTCS. ITO MOXKET MPUBECTH K 3HAYMTEIIBHOMY POCTY CYMMApPHBIX TOTEPh
naBneHuss B cucteme. C Apyrod CTOPOHBI, MOAKIIOYCHHBIC MOCIEAOBATEIBHO YHILICPBI MOTYT
paboTaTh OUYEHb XOPOIIO B CHCTEMaxX C HH3KMM pacXOJOM, KOIJa TeMIIepaTypHbIH mepemnas
(muddepennman) cuctemsr coctapisier Oosee 16°F [9°C]. lpu Takux yCIOBHUSX MOTEPH JABJICHUS B
CHUCTEME YMEHbIIaTCsa. bosee MOAPOOHO CHCTEMBbI C HU3KHM PacXoJOoM OBUIM PAacCMOTPEHBI B
pasznene "BpriO0Op HOMUHAJIOB pacxoioB".
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CymecTByeT HECKOJBKO CIIOCOOOB perymupoBanusi Temmeparypel. Ha pucynke 10 mnokasana
METOAMKA PETYINPOBAHMS I Cilydaesl, KOrJa KOHTPOJUIEp Ha KaKAOM 4YWUIEpE HACTPOEH Ha
MPOEKTHOE 3HAYCHHE YCTaBKH CUCTEMBbI. KaXIbIil YMILIep MOKET OBITh HCIIOJIh30BaH Ha IOKPBITUE JI0
50 mporeHTOB Harpy3ku cuctembl. Ecnu Harpyska B cucteme coctaBisier Oonee 50%, umiiep
PAacIoJIoKEHHBIH BBEPX MO MOTOKY (MOAKIFOYCHHBIN MEPBBIM) OyIeT HarpyXeH OOoJIbIle, TaK KaK OH
OylIeT TMBITATbCS TMPOM3BOJMTH OXJAXKICHHYIO BOIY C 3a/JIaHHBIM TPOCKTHBIM 3HAuYCHHEM
temrepatypbl. OcTaBmascs 10Jisl HArPy3KH MOKPBHIBACTCS YHILUICPOM, TTOIKITFOYSHHBIM BTOPBIM (HHXKE
0 TIOTOKY).

Ecnu nmpuMeHNTh CTYNEHYATYI0 HACTPOMKY YCTABOK YHIUIEPOB (YCTaBKa YHIUIEPA, MMOTKIIOYCHHOTO
nepBbiM, paBHa 49°F [9.4°C], a ycraBka 4miiepa, MOAKIOUEHHOTO BTOpbIM, paBHa 44°F [6.7°C], B
NEpPBYI0 Ouepe/]b Harpykaercss BTOpOW 4wiuiep. MainHa, pa3MellleHHas BBIIIE MO IOTOKY
(moaxmoYeHHast NepBOi), TOKPHIBAET Ty JOJIO HArPY3KU CHCTEMBI, KOTOPYIO HE CMOYKET 00eCIeunTh
YHJUIEp, MOAKJIIOUYEHHBIH HIDKE TI0 MTOTOKY. Takas MeToJuKa peryTupOBaHusl IMEET Psijl PEMYILECTB.
[TepBBIM TPEHMYIIECTBOM SIBJISICTCSI, YTO TEPBBIH 4Yminiep (PacroJIOKEHHBIH BBIIIE TIO TIOTOKY)
Bceraa paboTaeT mpu Oojiee BBICOKOH TemmepaType. DTO MO3BOJSET BECTH €ro IKCILIyaTaluio C
OoutbIeit AGPekTUBHOCTEIO. Pa3menieHne nepBbiM aOCOPOIIMOHHOTO YHILIEpa MO3BOJISET MTOBBICHTD
€ro TPOMU3BOIUTENILHOCTh. Hampumep, abcopOUMOHHBIA 4miliep, KOTOpbiid mpou3Boaut 500 ToHH
oxnaxaeHus [1760 xkBt| mpu Temmneparype oxiaxaeHHO#W Boabl paBHo 44°F [6.7°C], umeer
xonononpousBoautenbHocTh 600 ToHH [2110 kBT] npu Temneparype oXJaXICHHON BOABI, PaBHOM
50°F [10°C]. [Tpou3BoAUTENBHOCTh U APPEKTUBHOCTD YHIUIEPOB C HEHTPOOCIKHBIMU, BUHTOBBIMH,
MOPIIHEBBIMU W CIUPAIBLHBIMH KOMIIPECCOPAMH MEHSETCSl B MEHBIIEH cTeneHu. [IpaBuibHOE
UCTIOJIB30BAaHKE TOCIICI0BATEIBHON KOH(DUTYypalMu MO3BOJISICT MPUMEHATH JIAHHBIE MPEUMYILECTBA
IUISl YMEHBILICHUS BJIAJCbleM 3[aHUs KalHMTaIbHBIX 3aTpaT U 0Ooyiee THOKOTO HCIOJIb30BAHHS
TOILIMBA.

PaBHoe Harpy>x€Huc JABYyX UYWIUICPOB MOKET OBLITE OO€ecIIeYeHo MyTeM HCIIOJIb30BAHUA CHCTCMbI

YHpaBJICHUA XOHOHHHBHOﬁ YCTaHOBKOﬁ, C IOMOIIBIO KOTOpOfI BBIIIOJIHACTCA MCPCYCTAHOBKA YCTABKH
TEeMIICPATYpPhbl HWJUICPA, TIOAKIIFOYCHHOTO IICPBLIM, C 3aBUCUMOCTH OT USMCHCHUA HAIPY3KU CUCTCMBIL.
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IMepBuuHO-BTOpUYHBIE (pa3/ieleHHbIE) CHCTEMBI

OCHOBHOM NPUYMHOM CJI0KHOCTH PEryIMPOBAHUS MAPAIIEIBHO-TIOAKIIOUEHHBIX YMIUIEPOB SIBIIAETCS
(UKCHPOBAaHHOE COOTHOIIEHHE MEXIY pacxoJoM yuijiepa M Bcei cucteMsl. OfHAKO, ecau Obl MbI
CMOTJIM THUIPABIMYECKU OTICIUTH MPOU3BOSIINE TPYOOIPOBObI (YHILIEP) OT paclpeAeIuTeIbHBIX
TpyOOIPOBOAOB (Harpy3Ka), TO peryJIMpOBaHHE MOXKHO OBLIIO ObI BBITIONHATH Pa3/IeiibHO.

OCHOBHBIC IPHMHLIMIIBI
I'mapaBianyeckoe paszaenenune

Ha pucynke 11 moka3zaHa NmpUHUMIIMATBbHAA CXeMa pa3leleHHOM cucTeMbl. Takoil MeTox Takxke
Ha3bpIBaeTCAd "TIEPBUYHO-BTOPUYHONH" KOMIIOHOBKOW TpyOompoBomoB. Jlns Tpou3BOACTBA U
pacnipesieneHus (OXJIaXKICHHON BOJIBI) UCTIONB3YIOTCS PA3JIMYHbIC HACOCHI. XOTS OJHA U Ta K€ BOJA
NPOKAYMBACTCS ABAXK/bI (HO pa3IMUHBIMHE HACOCAMH), YIBOCHHS IOTPEOICHHS SHEPI UK Ha HACOCHYIO
MPOKAaUYKy HE TPOUCXOIUT. DTO OOBACHIETCS TEM, YTO MPOU3BOJAIINE HACOCHI MPEOI0JIEBAIOT
COIIPOTHBIICHUE YWIUIEpAa M Iepenaj] JaBJICHUs HAa MPOU3BOASAIICH CTOPOHE, a paclpelleIUTEIIbHbIC
HACOCBI IIPEOJI0JIEBAIOT THAPABINYECKOE CONIPOTUBICHHUE PACIIPENETUTENBHON CUCTEMBI.

Pucynox 11~ Cxema paszoenenozo noOokiroueHus
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Jluaus Oaidimaca TUAPABIAYCCKU PA3ACHACT MPOU3BOAANINC U PACHPECACIUTCIIbHBIC HACOCBbI TAKHUM
06pa30M, 4YTO OHH HC MOT'yT pa6OTaTI) 10 CXEMC MMOCJICA0BATCIBHOT'O IO AKJIIFOUYCHHA.

XoTs ABC€ HACOCHBIC CHUCTCMbI U ABJKIOTCA HE3aBUCHUMBIMH, HO OHHW HMCIOT CJCAYIOHIUC O6HII/IC
3JICMCHTHI.

* TpyOomnpoBoz Oaiiraca;
* cTatuueckuii Hanop (0T cToOa BOIBI 3MaHMs) U
* BOJY.

N3mMmeHneHue pacxoa0B HUIIn I[aBJ'IeHI/Iﬁ BCJICACTBHUC BAPbUPOBAHUA JTUHAMUYCCKOI'O HAIllopa WUJIM YHCJIa
YUJUICPOB, HAXOOAIIUXCS B pa60Te, HC MOI'YT IIOBJIMATH Ha q)YHKHI/II-O JINHUY Oainaca.

I'uapaBiaryeckoe paslelieHHe 3aBUCHT TOJBKO OT HAJIMUMS MPEMATCTBUN (MJIM UX OTCYTCTBHUS) B
nuHMK Oaifnaca. [lomHOe pasgeneHue NOCTUraeTcs TOJBKO B TOM Cilydae, eclii OaiimacHas JMHUSA
HUMeeT HYJICBOE THIPABIIMUECKOE CONMPOTHBICHKE (HyJIeBbIC IOTEPHU JAABJICHUS) MIPH JTFOOOM 3HAYCHUHU
pacxoma. Ilockosbky oOecmeuuTh 3TO B peaqbHONM CHUTyallMd HEBO3MOXKHO, CYIIECTBYET
OTIpe/ieIeHHOe B3aWMOBIHMSAHHME HAcocoB. BaxHo oOecneyuTh OTCYTCTBHE B JMHHM Oaifmaca
TUIPABIMYCCKUX TPEMATCTBUHM, TaKUX Kak, Hampumep, oOpaTHple Kiamanbl. CM. Takke pasJeln
"OOpatHbIi KJIanaH Ha TMHUK Oainaca’.

KonTtyp npousBoacTBa 0XJ1a:K1€HHOH BOIbI

OrmenbHbId  mpow3BOAIIMI Hacoc (Hacoc wwuiepa) HEOOXOOWM TOJNBKO JUIL TOTO, YTOOBI
NpPOKa4YMBaTh BOAY OT BO3PATHOTO KoJUieKTopa (Touka "A" Ha pucyHke 12) uepe3 cOOTBETCTBYIOLIHIA
YHJUIEp K MOJAMNIEMy KOJUISKTOpY Ha KOHIE JMHUM Oaiinaca (touka "B" Ha pucynke 12). Dtor
Yy4acTOK XapaKTepU3yeTCss OTHOCUTEIHLHO HEOOBIINM MEPernaioM AaBICHUS U AT BBITOJTHEHHUS YTON
nepekavyky Tpedyercst HeOoIblIasi MOIIHOCTh HACOCHOM Mpokauku. KpoMe Toro, Kax bl OTIeNbHBII
Hacoc paboTaeT TOJIBKO B CiIydae paboThl COOTBETCTBYIOIETO YUIIEpa.

[IpousBoasmue KOHTYPHI SIBJISIIOTCS HE3aBUCUMBIMH, Kak JApyr OT Jpyra, Tak W OT
pacrnpenenuTeabHOro KouTypa. OHM MOTYT COCTOSITh M3 Map "HacOC-4YMIUIEP', KOTOPBIE BBHIMOIHSIIOT
POJIb HE3aBUCUMBIX YWIUIEPOB. MM HAcOCHI YMILIEPOB MOTYT OBITh MOAKIIOUEHBI Uil paboThl Ha
obmieit koyulekTop. B 3TOM cimywae ux paboTa opraHu3oBaHa B 3aBUCHMOCTH OT TMOJIOXKEHUS
ABTOMATUYECKHX JBYXIO3UIIMOHHBIX KJIAMIAHOB YMJUIEPOB M pabOTa OCYIICCTBISETCS aHATOTUYHO
pabote map "Hacoc-umsuiep”. Ha pucyHke 12 mokazaHa mociieqHssi KOMIIOHOBKA. PerynmpoBaHue
TEMIIEPaTyphbl TAK)KE BBITIOIHICTCS He3aBHCHUMO. DYHKIUIO PETyIUPOBAHUS BBHIMOIHSAET OOBIYHBIN
KOHTpPOJIJIEp TEMIIEPaTyphl OXJIaXACHHOU BO/IbI, CMOHTHPOBAHHBIN Ha YMILIEpE.
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Pucynox 12 Ilpouseooswuii konmyp
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Yusiepbl, UCTIOJB3yEMBbIE B TaKOW CXeMe, MOTYT OBbITh NMPOW3BOJBHHOTO THIIA, THIOpa3Mepa U OT
mroboro wm3rotoBuTens. Eciam Bce ymiIiephl 3alpOEKTHPOBAaHBI Ha pPabOTy MPH  OJMHAKOBOM
TeMrepaType OXJaKICHHOW BOAbl Ha BBIXOJAE M Ha paBHBIM TeMIEpaTypHbIM mepemnas
(muddepennman) Ha ynILIepe, paboTa CHCTEMbI OpPraHM30BaHa CaMBbIM IPOCTHIM CIIOCOOOM.

WNuTepecHo 3aMEeTHTh, YTO €CJIM BCE YMIUIEPHI Pa3lIEJICHHON CHCTEMbI TPOUM3BOIAT OXJIAKICHHYIO
BOJAY C PaBHOW TEMIIEPATypOM, TO BCE HaXOsIIMECs B padOTe YMIUIEPHI HAPYKAIOTCS HA PaBHOE
YHUCIIO TMPOLEHTOB. B OMNpeneneHHbIX CHTyallUsIX MOXET MOTpPeOOBaThCS MPEUMYIECTBEHHOE
Harpy>K€HHe KakKoro-TO OJHOTO YHiuIepa. JTOT BOMPOC 0Oojee MOAPOOHO PacCMOTPEH B pasielie
"Onmmu CUCTEMBI OXJIAKIEHHOHN BOJIBI .
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Kontyp pacnpenenenus

PacnipenenurenbHpie HacoChl 3a0MpalOT BOJY M3 KOJUIEKTOpa (TpOWHWKA) 1mojaadu Bojbl (Touka "B"
Ha pucyHke 12), mpokaumBarOT €€ M0 BCEM pPACHpPENCIUTEIbHBIM TPYOOIPOBOJAM W TEPMHUHAIAM
Harpy3KH, a 3aTeM IOJAI0T €¢ K BO3BPATHOMY KOJUICKTOPY (TpoitHuKY) (Touka "A" Ha pucynke 12).
DTOT Hacoc MOXeET (M JOIKeH) OBITh HACOCOM C NEPEMEHHBIM PACXOIOM.

Pucynox 13 Pacnpedenumenvhbiil KOHMYp
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He cocraBisier Tpyzna moHATh pabOTy pacmpenenurtesnpHoil cuctembl. Ha pucynke 13 mokasana
YIPOILEHHAs] CXEeMa paclpeAeIUTeNIbHOM CHUCTEMBbl, COCTOSILEH M3 HECKOJBKHX OXJIAXIAFOLINX
TEIUIOOOMEHHHUKOB, KaKIbI M3 KOTOPHIX YIpPaBISeTCS C IOMOINBIO KJilarnaHa, PerylIupyIOLIero
pacxoj uepe3 COOTBETCTBYIOLIMH TEINIOOOMEHHHMK. B 3ToM cilydae perynupyromue KilamaHbl He
JOJDKHBI OBITH TPEXXOAOBBIMH, TaK Kak MOJAAEp KaHHs MOCTOSHHOTO pacxoja He Tpedyercs. B atom
CJIydae HMCIOJIB3YIOTCS IByXXO/OBbIE PEryIHpYIOLIMe KialaHbl MOJIYJIUPYIOIETo Tuna (C Iu1aBHOM
XapaKTepUCTUKON peryiupoBanus). [Ipu u3MeHeHnH pacxona padodas TOYKa Hacoca ¢ MOCTOSTHHON
CKOPOCTBIO BpalleHuss OyJaeT "mepeMernarbca’ MO COOTBETCTBYIOIIEH XapaKTepUCTHKE 'Hamop B
3aBUCHUMOCTH OT pacxoja’. DTo O3HauaeT, YTO B OTBET Ha TpeOyeMoe M3MEHEHHE pacxoja Hacoc
"HaiiieT" HOBYIO TOUKY paBHOBeCHs Ha paboueil xapakTepuctuke. [Ipumep pabodeil xapakTepUCTUKH
Hacoca I0Ka3aH Ha pucyHke 13.

B kadecTBe anbTepHATUBBI Il OTPAaHMYCHHS AMHAMHYECKOTO HAropa MOXKET MCIOJIb30BATHCS
HECKOJIKO HACOCOB HMJIM HACOCHI C IEPEMEHHOW CKOPOCTHIO BpallieHHs (aHAJIOTHYHO PETyIUPOBAHUIO
BEHTWIITOPOB C TepeMeHHbIM oObeMoM Bozayxa (VAV)). Ecmm cucrema crnpoekTHpoBaHa
MPaBUIbHO, MOIIHOCTh HACOCHOW MPOKAYKHU IMpPU YAaCTHYHOW HArpy3ke MOXKEeT MPHOIMKAThCS K
TEOPETUYECKON KyOMYHON 3aBUCHMOCTH OT pPAacxofa, 4TO TO3BOJISIET CYIIECTBEHHO COKPATHTh
sHepronoTpediaeHue. B HacTosee Bpemst B OOJIBIIMHCTBE pa3ieNICHHBIX CUCTEM I Hacoca KOHTypa
pacrpeieieHUs UCTIOb3YeTCs PUBO/JI C TEPEMEHHOM CKOPOCTHIO BpaIlEHHS.
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OcHOBHBIEC IPUHIMIIBI PA00THI CHCTEMBI pacipeie1eHust

OcHOBHBIE TPEUMYILIECTBA CHCTEMbI paclpeiaeieHus 0OyCIOBIEHBl €€ CIOCOOHOCThIO TMPUHUMAThH
HArpy3Ky, pa3HECEHHYIO BO BpEeMEHH, (aKTOM IEPEMEHHOTO pacxoja CHCTEMbl M TEM, YTO
TeMrepaTypa BOJbI Ha BO3BpaTe IMOJACPKUBACTCSA HA YPOBHE MPOCKTHOTO 3HAueHHs (B MPaBUILHO
sKcIutyatupyemoir cucreme). [locneanee mnpeumyiiecTBO 0OoJjiee TOAPOOHO PAacCMOTPEHO B
noapasaene "Cunapom Huzkon AT".

Pazuecennocmov nacpy3ku 60 epemenu. He Bce NMHMKM Harpy3kd HMEHOT MECTO OJHOBPEMEHHO.
[ToaToMy KOJIMYECTBO BOABI, KOTOpas MPOTEKAET B KOHKPETHBII MOMEHT BPEMEHH, OYJEeT MECHBIIE
pacxoaa "CyMMBI NMHKOB Harpy3KH', KOTOPBIA ObUT ObI HEOOXOIUM Il KOHTYpa PacIpeesiCHus ¢
MOCTOSTHHBIM PacX0JIoM. JTO MO3BOJIAET CYHIECTBEHHO YMEHBIIUTh TUIIOPAa3MEPhl UUIIJIepa, Hacoca U
TpyOOTPOBOIOB.

Ilepemennwiii pacxoo. Boxa nmpokaunBaeTcs TOJbKO TOTJA, KOTJa OHA JIEHCTBUTEIIBHO UCIIOJb3YETCsA
Harpy3koi. OTOo O3Ha4yaeT, YyTo OOJBIIYI0 YacTh BPEMEHHU MOXKET OBITh pealn30BaH PEKUM CO
3HAYUTEJILHO MEHBIIMM PACXO0M, CIEACTBHEM YETO ABJIAETCSA 3HAYUTEIBHOE COKpAICHKE 3aTpaT Ha
JHEPTHIO HACOCHOM IEPEKauKH.

Hoevtuennvie memnepamyp bl 600bl Ha eo3epame. HOCKOHBKy HCHUCIIOJb30BaHHasA BOJa HC
6a171nacnpyeTc;1 MHMO TEITI000OMEHHHKOB OXJIQAXKJICHMA, BCA BO3BpallacMasa BOJda HMCIOJBb3YCTCA JIA
OXJTAXKACHUA. TeOpeTI/I‘IeCKI/I TEMIICPATypa BOAbI HA BO3BPATC JOJI’KHA OBITH paBHa TEMIICPATYPC IIpHU
MOJTHOM Harpyske. C HpaI(TH‘IeCKOf/'I TOYKHU 3PCHUA OTO - HC BCCTJa BBIIIOJIHUMO, HO B IPAaBUWJIBHO
OKCILTYaTUPYEMbIX CHUCTEMaX TCEMIICpAaTypa BOAblI Ha BO3BpATC Oonmska K O9TOMY 3HAYCHHUIO. B
PCAIIBHOCTH JIA OOJIBIIMHCTBA YCJIOBI/Iﬁ YaCTUYHOM Harpys3kKu BOJla BO3BpallacTCid OT HOPMAJIbHO
q)yHKHI/IOHI/IPYI-OHII/IX TEIIOOOMEHHHUKOB KOHAUIUOHUPOBAHUA BO3yXa C TeMnepaTypoﬁ,
HpeBI)IHIaI-OHIeﬁ IMPOCKTHOC 3HAYCHUC. B cucremax ¢ HCHOJIB30BaHUEM MPOTUBOTOYHBIX
OXJIaXXKJaroImIux TEIUNIOOOMEHHHMKOB 3TO MMEET MECTO MNOTOMY, 4YTO TCMIICpATypa BOJAbI Ha BBIXOIC
TEII000MEHHHKA HpI/I6J'II/I)KaeTC$I K TEMIICpATypeC BO31yXa Ha BXOAC TEIUI00OMEHHHUKA.

Terutass Bojga Ha BO3BpaTe OINpENesAeT psij NPEUMYIIECTB KOHCTPYKUUU cucteMbl. OHa, Harpumep,
MIO3BOJISIET BBINOJIHATE TPEUMYIIECTBEHHOE HArpyXeHue 4uiiepoB. Teruias BoAa Ha BO3BpaTe
HOJIe3HA JUII CHUCTEM BCeX KOHCTPYKIMH, HO OCOOEHHYIO IOJIb3y OHAa NPUHOCHUT AJISL CIydaeB
pereHepanyu Temia 1 cBo0OJHOTO oxJaxaeHus. bonee noapobdHas nHbOpMaNKs 10 3TOMY BOIPOCY
MPUBOUTCA B pazzaeine "ONIuu CUCTEMBbI OXJIaKACHHOM BOBI .
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KoMnonoBku cxem MNOAKJJIIOYECHUA HACOCOB

Oo0mas nadopmanus

KoMmnoHOBKH cucTeM pacnpeaeseHusi MOTYT ObITh CaMbIMU Pa3IUYHBIMHU. MOKET HCIOJIB30BaThC
ofHa OoJblIasi HacoCHasi cTaHuus (Kak MokazaHo Ha pucyHke 12). HacocHasi CTaHIMsI MOXKET OBbITh
000py10BaHa OJTHUM HJIM HECKOJIBKMMHU HacOCaMu, pabOTAIOMIUMHU B 33/laHHON TOCIIEJ0BATEIBHOCTH.

CxeMa napaJuieJIbHOr0 MOJAKJIIOYEHHsT PpacnpeieuTeIbHbIX cucTeM (KOMIIOHOBKA THIA
" kammyc")

Kamnaﬂ U3 HCECKOJIbBKUX PacCIpCaACIUTCIIbHBIX (BTOpI/I‘IHI)IX) CHUCTEM MOXCT IOAKIHOYATbCA
napaJuiejbHO. Ha PUCYHKEC 14 nokazaHbl PasaCbHBIC pACIIPCACITIUTCIIBHBIC CUCTEMbI IJIA Ka)KHOﬁ us3
TpEX HArpys3okK. Takasgs KOMIOHOBKA IIO3BOJISICT JIETKO OCYHICCTBJEITh PACIIUPCHUC MOHIHOCTeﬁ
YCTAaHOBKH IIYTEM IIPOCTOr0 IMOAKIKOUCHUA JOIMOJIHUTCIBHBIX BTOPHUYHBIX PACHPCACIUTCIBHBIX
HACOCOB K CYIICCTBYIOLIEMY O60pyI[OBaHI/II-O.

Pucynok 14 Cxema muna "xamnyc" (napanienvnoeo nooKmo4eHus pacnpeoeiumeibHblx CUCTEeM)

q,
AT "y

111

1&-\.:-

Bropuunsie pactpenenuTensHbIe HACOCH
Pa3znesiennasi cxema (cxeMa HCIOJIB30BAHUS TPETHET0 KOHTYPAa HACOCHOW NMPOKAYKH)

Cxema HCIOIB30BaHUS TPETHETO KOHTYpa HACOCHOM MPOKAYKH (TPETUUHAs MPOKAYKa) HCIOJIb3YeTCsI
UL PacIIMpEeHHsT BO3MOXKHOCTEH pas3/elieHHOW cXeMbl (MepBUYHON-BTOPHYHON TPOKAYKH) B
CUTyalUsX, KOTJa paclpeleNuTeNbHbI MM BTOPUYHBIM HACOC TOJDKEH OOECTECUYUThH BBIOJHEHHE
Pa3IUYHBIX U CTPOTUX TpeOOBaHUIA.

Harpy3ku cucteMbl MOTYT OBITh Tak)Ke OTAEJICHBI OT BTOPUYHON paclpeIeTUTeIbHON CHCTEMbI. DTO
9acTO UCHOJb3YyeTCs Ul OueHb OonbpIInX cucTeM. Ha pucynke 15 mokasaHa oHA M3 BO3MOXKHBIX
CXeM OpraHM3alliM TPEThEero KOHTypa (TPETHYHOW HACOCHOW NMPOKavKH) Ha Harpy3kax. B kadectse
"Harpy3ku'" MOJKET BBICTYNATh KakK LIEJIO€ 3/1aHHe, TaK U OTACIBHBIM TEINI00OMEHHHK OXJIAKICHUS.
Ecmm ofHa MM HECKOJIbKO Harpy3oK MMeEIOT "SKcTpeMalibHble” TpeOOBaHMs [0 HAIopy, JUAana3oH
paboThI pacnpeAeIUTeNIbHOIO HAcoCca 3HAUNTEIbHO COKpalaeTcs. Vcnonb3oBanue TpeTbeil HacOCHOM
CUCTEMBI TI03BOJIIET "MEPEIOKUTh" BBINOJHEHNE N30BITOYHBIX TPEOOBAHUM 1O MPOKAYKe HA TPETHUi
KOHTYD, T.€. OTICJIUTh paclpeaeuTeIbHbII HacOC OT Harpy30K ¢ pa3IHyaroluMICs TpeOOBAaHUAMH K
JABJICHUIO.
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HaunbGonee BaxXHBIM B TaKOW CUTyallMH SBJSICTCS TO, YTO PETYJUPOBAHUE HA HArpy3Kax JIOJDKHO
BBITIOJIHATECA TakkMM 00pa3oM, 4TOObI M3 KOHTypa pachpeneseHus 3adupanach TOJIBKO BOJA,
NEHCTBUTEIPHO HEOOXOoauMas JJisl OXJaKIACHWsA. Boga He JOJDKHA TOCTYNMaTh B TPYOOTPOBOIBI
BO3Bpara JIo TeX Top, MoKa He OyneT oOecrieyeH onpeieTIeHHbIN pOCT ee TeMIIEPaTypHI.

Pucynox 15  Komnornogka cxemvl mpemuyHol HacocHou npokauxu (mpemveco KOHWNypa HACOCHOU

T = |0 OOpatHbIi Ki1amna
T e

Ywnrep 2

cucmemvt)

I v
. Pene
[IpuBon ¢ nepemenHOU mrddhepeHnnaTbEHOro
]  CKOPOCTBIO BpamleHus JIABJICHUS

e

Perymupyrommit o Yo
Kraman L
XL

Pa3beanHeHHasi cucTeMa - NPUHIMI Pa0OThI

Kak mokazano Ha pucyHke 16, Ha TpoiiHHMKE MOIKITIOYCHHUS JUHHUNA MOJa4u W Oaifrmaca CyIIecTBYeT
OTIPE/ICJICHHOE COOTHOIIIEHUE MEXKIY PacXoJaMH MOAAYu U ACHCTBUTEIBHON MOTpeOHOCTH. [IpuMem
3a pacxoj] Mojayd CyMMapHOE€ KOJIMYECTBO BOJBI, I10JaBa€MOE€ BCEMH IapaMH ' HacOC-4HILIEp'.
JlelicTBUTENbHAS. TOTPEOHOCTH - 3TO PACXOJl B CUCTEME paclpeesieHus, KOTOPhIH HEOOXOIUM s
MOKPBITHS TPeOOBaHUN BCEX HArpy3oK. Eciu 3Ha4YeHHs pacxoloB MOJAYM W JICHCTBUTEIHHOMN
MOTPEOHOCTH HE PaBHBI, BOJa MM TIOCTYNAeT B JUHHUIO Oaifmaca WM BhITeKaeT U3 Hee. Pacxon
MO’KET KOHTPOJIMPOBATHCS MU HAMPSIMYIO WU OTIOCPEIOBAHHO TI0 TEMIIepaType BObI Oaiinaca.
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Pucynox 16 Tpounux (konnekmop) nooauu pazveOUHeHHOU CUCMeMbl

Bosspar [Tonaua
A |
IIpoussoncrBo
N36bITOuHAs
momava

a4

il

Henmocrarounas
nojaya Pacnpenenenne

Baiinac

Ecmu pacxon Ha mojaye HEIOCTaTOYSH Uil TOKPBITHA TpeOOBAaHWI HArpy3kd, BojJa U3 JIMHUM
BO3Bpara IepeTekaeT Mo JUHUU Oaifmaca B cucteMy pacmpeaeneHusi. CMech XOJOIHOW BOJBI,
M0JIaBacMO¥l YHMJUIEpOM, U TEIJION BOJBI BO3BpaTa IMOMaAacT B KOHTYp pacnpezaeiceHus. Ecin motok
U3 JIMHUMU Oalinaca B TPOWHHK (KOJUIEKTOP) MO/a4i MOKET OBITh MPOKOHTPOJIMpPOBaH (pucyHok 16),
€ro Halu4yhe MOXKeT OBITh HCIOJB30BAHO JJIsI BKIIOYEHHUS CIEAyIOLIed mapbl 'Hacoc-ymiep”.
VYBenuueHue pacxoja Mojaqyu BOJbl OT JOTOJIHUTEIFHOIO Hacoca M3MEHSET COOTHOIIEHHE "Mo/iayua-
noTpeOHOCTH" Ha TpOWHHKE (KOJUJIEKTOpE), OrpaHUuMBas MOAMEIIMBAHUE BOJABI Bo3BpaTa. J[o Tex
nop, MoKa B TOJAIOIIEM KOJUIGKTOpe He OyAeT MMEeTh MECTO IMOAMEIIMBAHMS BOJBI BO3BpAaTa,
BKJIFOUEHHUE JIOTIOJIHUTEIIBHBIX MOIIHOCTeH umiuiepa He Tpedyetcs. Korma Oyner 3adukcupoBaHo
CMEILIeHHUE C BOJOH BO3BpAaTa, TO MOXKET MOTPeOOBAThCS HCIOJIF30BaHNE JOMOJHUTEIBHOTO YUIIepa
(3aBUCHT OT KOJIMUECTBA ITOIMEIIIMBACMO BOJIb BO3BPATA).

Bonbiryro yacTb BpeMEHHU pacxo] MOJauyd HPEBBIIIAeT AECHCTBUTENBHYIO MOTPEOHOCTh U M30BITOK
BOJBI TIOCTYNaeT B KOJUIGKTOp (TpOWHHMK) Bo3BpaTa. Ecim Hacoc uwmiuiepa OTKIIFOYACTCS
MPeXIEeBPEMEHHO, HAIMYKE pacxoja B JIMHUM Oaiimaca omsaTh MOKaxeT Ne(UIMUT MOAaYd M HACOC
OymeT omaTe BKIO4YEH B pabory. Heobxoaumas BenuyuHa W30BITKA MOAAYM 3aBUCHT OT
TUNOpa3Mepa Yujliepa, KOTOPhIA J0JHKeH ObITh OTKIOUEH. [lepes BhIMOIHEHHEM OTKIIOYEHHS Taphl
"gyusiep-Hacoc” BelMYMHA HM30BITOYHOTO pacxoja JOJDKHA IMPEBBIIIATh ONpeesieHHOe 3HAYCHHE.
OT0T Bompoc Gojee moapodHO pacCMOTpPEH B paszeie "PeryaupoBanue mocie10BaTeIbHOCTH pabOThI
yiuepa”. Eciu Bce 4niIiepsl, MCMOJIB30BAHHBIE B CHCTEME, MMEIOT paBHBIN THUIIOpasMep, CUTHAI
M30BITOYHOTO PacxXojia MOXKET OBITh MOCTOSHHBIM.

PerynupoBanrie paOOTBl HECKOJBKHUX YHJUIED BBITIOMHATCS IyTEM TPOCTOTO  OMPEICICHUS
HarfpaBJIeHHs OTOKA B TUHUU Oaiinaca. Takum o6pa3oM, cuctemMa paboTaeT Kak CUCTEMa C CUTHAJIOM
3ampoca Mo pacxoy, a He Kak CUCTeMa ¢ CUTHAJIOM 3alpoca Mo TeMIIepaType.
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PeryimpoBanue B 3aBUCHMOCTH OT Pacxo/a

YrtoOb1 00ecrieunTh HOPMAJIbHBIA PEKUM pabOThl pa3beAMHEHHON (IIEPBUYHO-BTOPUYHON) CHCTEMBI,
HEOOX0MMO KOHTPOJIMPOBATh HANpaBJICHHE TOTOKA M BEJIMYUHY pacxoia B JIMHUM Oaifmaca. DTOT
KOHTPOJIb MOKET OBITh BBITIOJHEH HANPSIMYIO HJIM OnocpenoBaHHO. Eciu moTok B nuHUM Oaiinaca
HAmpaBJeH OT TOJa4yMd K BO3BparTy, 3TO Ha3biBacTCs HM30bITKOM (momauwm). Eciim MOTOK B JMHHM
Oaiiraca HampaBJIeH OT BO3BpaTa K 1ojiaue, 3TO Ha3bIiBaeTcs Aeduimtom (momaumn).

HN3mepenue pacxona

Hemnocpencteennoe (nmpsiMmoe) M3MeEpeHHE pacxoia B JIMHHM Oaifliaca MOXKET OBITh BBIOJHEHO
HECKOJIBKUMH crioco0amu. B HacTosiiee BpeMsi YCIEIIHO HCIOJB3YIOTCS Pa3iUuHbIe TEXHOJIOTHU
u3Mepenust pacxonoB. K HuM oTHocarcs TpyOku Iluto, Bentypu, nuadparmoBbie pacxoIoMepshl,
U3MEpUTENIM pacxoja [0 Tepernany JAaBieHUs, TypOWHHbBIE, JIOMAcTHbIE, MAarHUTHbIE U
YJIBTPa3BYyKOBBIE PACXOJOMEPBI.

ToyHOCTH, MPOCTOTa MOHTa)XKa M TEXHUYECKOTO OOCITYy)KMBaHHA, a TaKXKe CTOUMOCTh JTHX
U3MEPUTENILHBIX METOJIOB CHJIBHO pasnuyaroTcs. UToObl oOecrednuTh HEoOXOIUMYI0 TOYHOCTh
U3MEpeHUi, HEOOXOAUMO pEryJIIPHO BBINOJHATH KAIUOPOBKY HW3MEPUTEIBHBIX MPUOOPOB.
Hexortopsie pacxomomepsl TpeOYIOT Oojiee 4acTOro BBHIMOJHEHHS KaTUOpOBKH, YeM pPacxXoJOMephl
Apyrux TUmnoB. [Ipu MCnonap30BaHUM YCTPOUCTB A1l U3MEPEHHUS pacxoja BaKHO YETKO IIOHUMATh, B
KakoM JHuara3oHe pacXoJ0B MpUOOp oOecreduT HEOOXOAUMYI0 TOYHOCTh M3MEpEHHs, | 3HaTh
TpeOOoBaHusl, MPEeabIBIsEMbIE K KaTUOPOBKE. YUTUTE TaKXKe, UTO TSI TIOJIyUYeHHs] TOYHBIX IMOKa3aHUI
HEKOTOpbIE U3MEPUTENIbHBIE YCTPOMCTBA JOKHBI OBITH CMOHTHPOBAHBI Ha MPSIMOJIMHEHHOM y4acTKe
TpYOBI, INIHHA KOTOPOTO JOJKHA OBITH paBHA HECKOJIBKUM JIaMETpaM TPYOBHI.

HN3mepenue Temneparypsl

Jlns omnocpenoBaHHOTO (KOCBEHHOTO) OTPE/CICHUS COOTHOIICHUS MOAa4a-MOTPEOHOCTh" MOTYT
HCIIOJIb30BaThCS TIOTOKHM CMEIICHHS Ha BBIXOJIE KOJJICKTOPOB (TPOWHHUKOB) MOJIA4YX M BO3BpaTa BOJIbBI
(cMm. pucynok 17). Jlns ompenesieHUs TOYHOW BEJIUUYMHBI pacxoia "M30bITKa" wim "nedurmra” B
TUHUKM  Oaifmaca MOTYT OBITh HCIIOJIB30BaHBI CTAHIAPTHBIC YypaBHEHUWs Ui  OIpEIeICHUS
TEeMIIepaTyphbl CMECH.

[IpoBoautcs u3mepenue natu temmeparyp - B Toukax A, B, C, D u E. Curnansl usmepeHust 3Tux
TEMIIEpaTyphl HANpPaBIAIOTCS K MporpamMMHupyeMoMmy KoHTposepy. (B HekoTophIx cucTemax
pErylIupoBaHUsl TeMIlepaTypa HU3MepsieTcsl TOJIBKO B JBYX Toukax - B u D, a 3arem 3Tu curnaisl
00pabaThIBalOTCSl ¢ MOMOIIBIO 3apaHee 3alporpaMMHUPOBAHHOTO alreOpanyeckoro ypaBHEHUS JUIs
TeMIepaTypbl cMecr). KoMmbloTepHas mporpaMmma UCTOJIb3yeT KIIaCCHYECKUE YPaBHEHUS CMEIICHHS
U OmpeleNsieT pe3ylbTHpYIoIlee BO3JAeHCTBUE sl OOecreueHUs] MPaBUIILHOTO PETYIMPOBAHUS
CUCTEMBI OXJIAXKIEHHON BOJIBI.
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Pucynox 17 Hzmepenue memnepamyp

' t

(Heobxonumast) D (JomonHutenpHas) A

. * (JononHuTensHas)
E (JomonHuTenbHast) g (HeoGxommumas)
b 4

Bosspar Ilonaua

VYuytute, yto naryuk D MoiKeH BBIMOJHATH M3MEPEHUE TEMIIEpaTyp C OYEHb BBICOKOM CTENEHbIO
TOYHOCTH, OCOOEHHO B CIlly4ae, €Clii B CHCTEME HCIIOJIB30BAHO HECKOJIBKO YHIUIEPOB. [locKoabKy
Ja’ke Majioe M3MEHEHHE TeMIIepaTypbl MOXET MOTpeOOBaTh PEryIMPOBaHUS IMOCIEA0BATEIHLHOCTH
paboThl ymiiepa. MeTouKa peryaupoBaHus MyTeM U3MEPEHHS TeMIIepaTypbl UMEET MPEUMYIIICCTBA
[0 CTOMMOCTHBIM MOKa3aTelsiM M MO THOKOCTH MpPHUMEHEHHUS, OCOOEHHO, €CIM B 3JaHUH YyXKe
CMOHTHPOBaHa CUCTEMa YIPaBJICHHS Pa0OTON XOJIOAUIBHONW YCTAHOBKY MJIM MOHTaX TaKOW CHCTEMBbI
3arJIaHUpPOBaH.

ITocienoBaTe/bHOCTH Pa0OTHI YHILIEPOB

3Has BENMYUHY pacxXo/a U HampaBlieHHE MMOTOKAa B JMHUH Oalliaca MOYKHO BBITOJHITH BKIIOYCHHE
WK BBIKJIIOYEHUE YMILIEPOB (100aBUTh YMIUIEP/OTHSTH YHILIED).

Bruriouenue yniiiepa (106aBUTh YHILIED)

[Tpu Hamuunu "aeduuuTHOr0" pacxona B TUHUMU Oaifllaca cucTemMa MoJy4aeT BOAY C TeMIIEpaTypoH,
NpEBBINIAOIICH TpOoeKTHOE (pacueTHoe) 3HaueHHe TemrepaTypbl cucteMbl. (CM. Takke pasuen
"Cunnpom Huzkoit AT"). B 3TOT MOMEHT BpeMEHH MOXXET OBITh MOJKIIOYEH (I00aBICH) YMLIEp U
Hacoc. UToObI rapaHTHpOBaTh, YTO M3MEPEHHBIH pacxona "nedunura’ He SBISETCS CIIEACTBUEM
MEPEXOIHBIX MPOLECCOB B CHCTEME, MHOTHE OIEepaTopbl TpeOyloT MOATBEPIKICHUS HAUUUS TaKOTO
nedunmTa B TEUCHHE 33IaHHOTO TIepHoa BpeMeHH (Hampumep, B TeueHue 15 MuHYT). DTO CHIDKAeT
BEPOSITHOCTh LUKJIMPOBAaHUS 4wiiepa (T.c. BKIFOYCHHS W BBIKIIOYCHUS YWIUIEpa 4epe3 KOPOTKHUE
MPOMEKYTKH BPEMEHH).

OTkJYeHne Ynjuiepa (OTHATH YHJLIIEp)

Yusiep MokeT OBITh OTKJIIOYEH, KOTJa B JIMHUM Oaiillaca MMeeTcs IOCTaTOYHBIH H30BITOYHBIN
pacxon. Kakum nomxeH ObITh 3TOT M30BITOK? BenmumHa HM30BITOYHOTO pacxoAa AODKHA ObITh
JOCTaTOYHOM /71 TOTO, YTOOBI UUJIIEp HE BKIIOUYMIICS MOBTOPHO Y€pe3 0U€Hb KOPOTKHUI IPOMEKYTOK
BpeMeHU. MHOTHe ornepaTopbl MPOU3BOAAT CpaBHEHHE U30BITOUHOTO pacxoa ¢ HOMHHAJIOM pacxoja
TOTO YWJIJIEpa, KOTOPBI OHU COOMPAIOTCS OTKIIOYNUTH. ECIM COOTHOIIEHHE STHUX pPACXOJ0B
coctapinsieT 110-115 nponeHTOB, OHU OTKIIIOYAIOT YUJILIEP.
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PaccMoTtpum criepyromuii npumep:

Yumnep 1 npoussoaut 960 ran/mun [60.6 n/cek]| oxmaxnenHoi Boasl ¢ Temneparypoit 40°F [4.4°C].
Yusutep 2 npoussoaut 1440 ran/mun [90.8 ni/cex] oxmaxaeHHON Boabl. B TaHHBIIT MOMEHT BpEMEHH
B IMHKU Oaifriaca umeetcst n30bITounbIi pacxoa 1100 ran/mun [69.4 n/cek]

* V30bITOUHBIN pacxo/ B JIMHUU Oaifmaca coctaBisieT 115 mporieHToB oT pacxoma 1-ro
yiyuiepa. Ecmu Mbl BeIKmouuM yminiep 1, y Hac emie octaHeTcss M30BITOUYHBIM pacxo] B
nuHuK O6anaca paBublid 140 ran/mun [8.8 n/cek].

* O0OpathTe BHMMAaHHE Ha TO, YTO HM30BITOYHBIM PACXO] B JIMHUHU Oaiillaca Takxke
COCTaBJsIeT /6 MPOLIEHTOB OT pacxojia 2-ro uyujuiepa. Ecu Mbl BBIKIIIOYUM YWILIep 2, TO
nonyyuM pepurmt pacxoaa 340 ran/mun [21.5 n/cek]. SIcHO, YTO B TaKOM CHUTYAIlMH MBI

6YI[CM BBIHYXXICHO CKOPO OITh BKIIFOYHUTL 3TOT YHJLJICP.

B nanHO# cuTyanmu MBI TOJDKHBI BBIKJIIOYUTH YAuiep 1, HO OCTaBUTh YMILIEp 2 BO BKJIFOUEHHOM
COCTOSTHHU. DT0 OyneT Hanbosee 3 (HEKTHBHBIM METOIOM HCIIOIb30BAHUS YHILICPOB.
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CucremMbl ¢ NepeMeHHBIM PAacX00M B IEPBUYHOM (MPOU3BOASIIIEM) KOHTYpe

Eme OJHUM MCTOIAOM 6aJ'IaHCI/IpOBKI/I pacxoJ0oB B KOHTYpax MPOHU3BOACTBA U PpaCIPCACIICHUA
SIBIIIETCS CIIOCO0 CACIaTb 3TH PACXOIbl PABHBIMH. Cucrtemsl ¢ NEPEMCHHBIM PACXOJ0M Tpe6yI-OT
MNPUMCHCHUA YHUIIJIICPOB, KOTOPLIC MOTYT pa6OTaTI) B CUTyalMidX, KOTJa pacxol 4Y€pe3 HCIapUTCIIb
MCHACTCA.

KonuenrtyansHO cucTeMa C MEpeMEHHBIM pacxoioM B mepBoM (mpomsBomsiiem) koHType (VPF)
HUMEET CXOJACTBO C CUCTEMOM C IOCTOSTHHBIM PacXoJIOM B IIEPBOM KOHTYpE U MEPEMEHHBIM pacxoioM
BO BTOPOM KOHTYpE, M3BECTHOM IM0J Ha3BaHHeM "paznencHHol cuctembl” [1]. Hampumep, B obenx
cucTeMax HeoOXOIMMO HCIONb30BaTh Oaiimac. JIunus Oaiimaca B cuctemax VPF Ttpebyercs mns
oOecriedyeHusl MOJ/IEP)KaHUA MUHUMAJIBHOIO IPOTOKa uepe3 umiuiepbl. Ha cxeme KOMIIOHOBKHY,
MOKa3aHHOW HIDKE, KaKAbIM umiuiep 000pyLoBaH CBOUM HACOCOM, paboTa KOTOPOro OpPraHu30BaHa B
3aBUCUMOCTH OT PeKUMa pabOThl YMILIEpa, KOTOPBIH 3TOT HACOC 0OCITYKHUBACT.

Pucynox 18  Cucmema c nepemennvim pacxooom 6 nepsuyrom (npouzeoosiuem) KoHmype

L'T;l
. ‘| OO0paTHbIE KJIATIaHbI
I

= s I
Hacocer unniepa ¢
IIepEMEHHBIM PaCcX00M Ypnep 2

) JloTIOTHATETHHBII
Oaiinac
e . TermnooOMEHHNUKHN CHCTEMBI MoskeT ToTpeGoBaThCs
——c =4 Asyxxonosete HECKOJIBKO
r, N ¥ PEIYIHPYIOINE KIIallaHbl TDEXXOIOBBIX KJIAMAHOB

Perymupyromuii knanan

Jlnst obecrieyeHus MUHUMAaJIbHOTO
ﬂ pacxoa gruiepa

<

B cucremax VPF pacxoo 600vt uzmensemcs 6o eceii cucmeme. M3MEHSIOTCA pPacxXolbl 4epe3
WCTIApHUTEh KAXKIOTO M3 HaXOASIIUXCS B pabOTe YMILICPOB, a TaK)KEe M3MECHSIOTCS PacXoJbl 4depes
OXJIaXAIOIIHe TeIUI00OMEHHHKH.

B VPF-cuctemax He0oOX0QMMO UCMOJNB30BaTh JBYXXOJOBBIE pETYIUPYIOIIME KiIamaHbl Ha
TEII00OMEHHHKAX, 00paTHbIe (MJTH 3alIOpHBIC) BEHTUIIN Ha YHIUIEpaxX U JIMHHIO Oaiinaca. OHaKo:

¢ UCIIOJIb30BAHME HACOCOB YHJIIEPA C IEPEMECHHBIM Pacxoa0M UCKIOYACT
HeO6XOI[I/IMOCTI) IMPUMEHCHUSI OTACIIBLHOIO paclpeaCIMTEIIBHOIO HAcOCa,

* baiimac MOXKET OBITh Pa3MEIICH JI0 WK 1ocJIe (BBEPX WM BHU3 TI0 MTOTOKY)
TETNIOOOMEHHUKOB OXJIK/ICHUS
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* PETYJIHMPYIOIINI KiTaraH, CMOHTHPOBAHHBIN HA JIMHUHU Oaifriaca, 00ecreunBaeT, 4To
BEJIMYMHA pacxo/ia yepe3 yniuiep(bl), HaXOIAIIMHCS B paboTe, HUKOT/Ia HE CHU3UTCS
HUKE MUHUMAIBHOTO TPAHUYHOTO 3HAYCHUS.

IIpemymecrBa cucrem VPF

Cuctemsl VPF natot BnagensiaM 31aHui psij MPEeUMYIIECTB, MO3BOJISIONIX 00€CTIeYUTh SKOHOMHIO
CPEZICTB, OTHOCSIIMXCS HEMOCPEICTBEHHO K HacocaM. Hanbosee 3aMeTHast 5KOHOMUS JOCTUTAETCS 3a
CUeT OTKa3a OT HCIMOJb30BAaHUS DPACHPENESIUTEIBHOIO Hacoca BO BTOPOM KOHType. DTO, B CBOIO
odyepenb, TMO3BOIAET HCKIIOYUTH 3aTpaThl Ha MaTepualbl W OIJIary padoT, CBS3aHHBIX C
HOJKJIFOYEHUEM TPYOONpPOBOJOB, CEPBUCOM BJIEKTPONPUOOPOB M NPHUBOAOB C IEPEMEHHOMN
CKOPOCTBIO BpamleHus. X0oTs 00Ilee YUCIO HACOCOB COKpAIaeTcs, HO TUIOPa3Mepbl KaK HacOCOB,
TaKk U NPUBOJOB C MEPEMEHHOM CKOPOCTBIO BpAIIEHUsI BO3PACTAIOT, TaK KAaK HACOCHI JOJDKHBI OBITh
paccuuTaHbl Ha Iepenaj AaBJIeHHS BO Bcel cucTeMe. JTO IMO3BOJIAET O0ECHEUUTh 3KOHOMUIO
KalUTaJIbHbIX 3aTpaT 3a CYET YMEHBILICHHUS YUCIIa HACOCOB.

DKOHOMHUS PHEPro3arpar 3a CUeT CHIKEHUS SHEPronoTpedieHHs HACOCOB YacTo SBIAETCS OCHOBHOM
MPUYUHOM, TIOYeMY BJIAQIENbIBl 3aHHH XOTAT CMOHTHUpoBaTh cucreMy VPF. C momomrsio
KOMIIBIOTEPHBIX MPOrpaMM aHaiin3a, Takux kak System Analyzer, TRACE 600 uiu DOE 2.1 moxHO
OTIpeNeNnTh, OyeT nu obecreueHa SKOHOMHS SHEpProsaTpaT 3a CYeT MCIOJIB30BAHUS CHCTEMBI C
MEPEMEHHBIM PacX0JIOM B IMIEPBOM KOHTYPE JIUIsI KOHKPETHOTO CJIydasi IPUMEHEHHUSI.

MoskeT oOKa3aTbCs, YTO JUI1 CYHIECTBYIONICH YCTAaHOBKH OXJIKIACHHOMW BOIbI OyJeT Jierde
UCTIOJIB30BAaTh CXEMY CHCTEMBI C IMEPEMEHHBIM PacX0J0M B MEPBOM KOHTYpE, YeM “TIepBHYHO-
BTOpHYHYIO" (pa3belIUHEHHYI0) cXeMy. B OTIIMUMEe OT KOMIIOHOBKHM pa3beIUHEHHBIX (“'TIepBUYHO-
BTOPHYHBIX") CHCTEM JIMHMS Oaiillaca B 3TOM Cllydae MOXXET OBITh pa3MellleHa B JII000OM MecTe
KOHTYypa UMPKY/SIIUH OXJaKACHHON Bompl. Kpome Toro B 3TOW cuTyauuud He Tpedyercs
HCTIOIB30BAHMS IOTIOJIHUTEILHOTO HACOCA.

Pacceusanue nenpasunvrnozo npeocmasnenus

[TpaBUIBHBIM WM JIOKHBIM SIBJSICTCS yTBepkAcHHE: "Ymuiepsl pabotaroT Oosee dPPEKTUBHO B
CHUCTEMax C MEPEeMEHHBIM pacXoJOM B TEPBHUYHOM KOHTYpE, YeM IPH TOCTOSHHOW BEJIMYHHE
pacxoja, Tak Kak 93TO CBs3aHO C Oonee BbicokuM 3HaueHneM LMTD (LMTD=norapudm
YCPEIHEHHOTO TeMIeparypHoro auddepeHnimana)”.

[TpaBUnbHBIM SBIATCS TOT (aKT, YTO TeMIlepaTypa BOAbI Ha BO3BpaTe B MPaBHILHO paboTarorieit
cucteme VPF octaercsi IOCTOAHHOM, TaKk KaKk MEHSETCsl BeJIMYMHA pacxoja. [IpaBuibHBIM sBiISETCS
TaKkxke yTBepkaeHue, yto BenmunHa LMTD moxeT ObITh yBennmueHa MyTeM IepeBoAa KOHTYypa
MPOM3BOJICTBA OXJIAXKICHHOM BOJBI (IIEPBOTO KOHTYpPA) C MOCTOSIHHOTO Ha MepeMeHHbI pacxon. Ho
IIPH 3TOM HEOOXOIMMO YUHUTHIBATH €Il U APYTHe (PaKTOphI:

B cucreMax ¢ HOCTOSIHHBIM pacxoJoM B IIEPBOM KOHTYpE:

¢ TEMIIEpaTypa Ha BXOJC UCIapUTEI U BEJIMYHA LMTD cumxkarotcs IIpyU YMCHBIICHUHU HAI'PY3KHU 110
OXJIQXKACHUIO,
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M K03(1)(1)I/IHI/ICHT KOHBEKTUBHOM TCIIONCPE IavH, TAKIKEC KAaK U pacxo/ B IICPBOM KOHTYPEC, OCTACTCA
MOCTOAHHBIM, HECCMOTPS Ha CHWOKCHHUC HAI'PY3KH.

B cucremax c IIEPEMEHHBIM PaCcX0JA0M B IIEPBOM KOHTYpE.

M KOS(i)(i)HHI/ICHT KOHBEKTUBHOM TCILIONCPCaAavIr B UCIIAPHUTECIIC YMJUICPpA CHUKACTCA IIPU YMCHBIICHUN
pacxoga

¢ CHHMIXXCHHC pacxolda IPpUBOJUT K YMCHBIICHHIO O6HICI>1 3(1)(1)CKTI/IBHOCTI/I TCIUIONCpCAaYn Ha
HUCIIapUTCIIC YUJIICpa

[ToaTOoMy BHEpromnoTpebIeHrne TaHHOTO Ymiepa OyneT pakTUIeCcKu O TMHAKOBBIM KakK IpU
IIEPEMEHHOM, TaK Y IIPU MOCTOSHHOM PacXo/ie Yepe3 UCIIApUTENh YUILIEPA.

IIpenocrepeskeHust AJs cJIyyaeB UCNOJIb30BaHusi MeToaa VPF

PerynupoBanue mocCie0BaTeNIbHOCTH pPa0OThl YWUIEpPOB TpeOyeT MPaBMWILHOTO MOHUMAHUS
JMHAMUKU CUCTEMBI, TaK KaK HOMHHAJIBI pacX0J0B Yepe3 KaXAbli Ymiliep, HaXoAdIuiics B padore,
OyayT MeHATbcAd. MeTonuKa peryJupoBaHus, IPU KOTOPOW JOJDKHO OBITh HMCKIIOYEHO CIIUIIKOM
YacToe BKJIFOUCHUE/BBIKIIIOUCHHE YUILICPOB, YCIOKHSICTCS, TaK KaK BO3PACTACT YMCIIO YHILIIEPOB C
Pa3IUYHON MPOU3BOAUTENFHOCTHIO. YK€ Ha paHHEH CTaJuu MPOSKTUPOBAHUS Pa3pabOTUYUK CHCTEMBI
JOJDKEH OTIPENENUThCA C JIOTHKOM pPEerylnMpoBaHHs U BBINOJHATH pa3pabOTKy MpPOEKTa B TECHOM
KOHTAaKTe ¢ MpOoBailiepoM YCTpOMHCTB peryiupoBaHus. Emie nydmuil pe3yapTar Uil TaKUX CHUCTEM
MOKET OBITh JOCTUTHYT 3a CUeT HaJaKUBaHMS MApTHEPCKUX CBA3CH MEXITy COOCTBEHHHUKOM,
orepaTopoM (Ciry00H IKCITyaTalnu), TPOCKTAaHTOM M MPOBAWEpPOM 000pPYIOBaHHS XOJOIUIBHOM
YCTaHOBKH (BKJIIOYAs YCTPOHCTBA PETYJIUPOBAHUS).

KpuTu4HbIM sBISICTCS peryiupoBaHHe NpHU H3MeHEHUsX ((puaykTyamnusx) pacxoga. YTOYHHUTE Yy
M3rOTOBHUTENI  YWUIepa JIONMYCTHMbIe 3HAaueHHWs uW3MeHeHus ((UyKTyanmid) pacxojoB U
CIPOCKTUPYHTE CHUCTEMYy TakKuM OO0pa3oM, 4YTOObI HOMHHAJIBI WU3MCHEHHUS pPAaCXOJOB HHUKOIJA HE
BBIXOJWJIM 33 JOMYCTHMbIC TrpaHuipl. Omneparopbl (IKCIUIyaTallHOHHBIA MEPCOHAN) JIOJDKHBI
NpaBUJIBHO NMOHUMATh, KaKuM o0pa3om paboTaeT cuctema VPF. [ToaTomy B 00s3aTeIbBHOM TOPSIIKE
JOJDKHO OBITh NMPOBEICHO OOY4YCHHE SKCIUTyaTAlMOHHOTO IMEepCoHaa. YCHeX NPUMEHEHHUsS] TaKoro
MPOCKTa BO MHOT'OM 3aBHCHUT OT CTIOCOOHOCTH 3KCIUTYaTal[MOHHOTO MEePCOHAJa BIMOJHUTH 3aMbBICEI
pa3zpaboTuuKa.

BaxxHpIM TIpU aHAIHM3€ CHCTEM C MEPEMEHHBIM PAacX0JI0OM B MEPBOM KOHTYpPE SBISAETCS TOT (DAKT, 4TO
JUI HAJJISKAIIETO BBINOJHCHHS TMPOSKTUPOBAHUS M IYCKO-HAIAJ0YHBIX paboT B cuctemax VPF
TpeOyeTcs OoJbllle BpEMEHH [0 CPABHEHHIO C JPYTHMMH CcHCTeMaMd. EciM  BO3MOXKHOCTB
WHBECTUPOBATH 3TO JIOMOJHUTEIHHOE BpEMSI M YCHIIMS OTCYTCTBYET, BEPOSITHO, JTYUIINE PE3YJIbTAThI
MOTYT OBITh TIOJTYYEHBI OT UCTIONB30BaHMS CUCTEM APYroro Tuma, a e VPF.

Orpanunyvenust

Pacxoz[ 4cpe3 HUCIApPUTCIIb HU3MCHACTCA IIPU HU3MCHCHUU lIl'IO’I’pe6HOCTI/I". OI[HaKO CYIIECTBYIOT
OIMPCACJICHHBIC OI'PAHUYCHUA a0COJIIOTHBIX 3HAYEHUH U A01yCTUMas CKOpPOCTb U3BMCHCHUSA PACXOOd0B.
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BI)IXOI[ 3a OTHU OIpAaHUYCHUA MOXKCT IPUBCCTU HECTAOMIILHOCTH peiKrUMa pEryjaupoBaHrud YHIIICpa
HJIN K CCPBE3HBIM OTKAa3aM.

OrpanuyeHusi pacxoia no abcoII0THOMY 3HAYCHH IO

[MoanepxuBaiiTe pacxo] 4epe3 HCHIApPHUTEIb MEXIYy MHHHMAIbHO JOMYCTHMBIM MW MaKCHMAaJIbHO
JOTYCTHMBIM TPaHUYHBIMKA 3HAYCHUSAMH. Ha CeroAHsAIIHUN [JeHb IHAana30H CKOPOCTEH BOJIbI,
yKa3bIBa€MbIH B KaTajorax JJisi MHOTUX THIIOB YIJLIEpOB, coctaBisieT 3-11 ¢yr/cex [0.9-3.4 m/cek].
XOTs HEKOTOPbIC M3TOTOBUTENIH JIOMYCKAOT Takxke paboTy B auanasone 1.5 - 2 ¢yr/cex [0.46-0.61
Mm/cek]. 3ampocute y HM3rOTOBHTENs YHJUICpa pealibHble 3HAYCHHS TPAHMIl PacxXoja Jjs Bariei
MaliuHbl. BepxHss rpaHuna OOBMHO BBIOMpAcTCS TakuM 00pa3oM, dYTOOBI HCKIFOUUTH
BO3HHUKHOBEHHE TMPOOJIEM dPO3HOHHOTO M3HOca TpyO. HikHsis rpanuiia obecrieunBaeT cTabMIbHOCT
pexKrUMa perynupoBaHusI.

CxopocTh H3MEHEHHUs pacxoJa

Ecmun cuctema perynupoBaHus yuijepa He oOecrednBaeT afeKBaTHOTO YIpaBJICHHS, OBICTpoOe
W3MEHEHHE BEJIMYMHBI PacXo/ia MOXKET TPUBECTH K OTKIIOUCHHUIO YWJUIepa W CpaOaThIBAHUIO
OJIOKUPOBOK 3aIIMThI. UYTOOBI COXpaHWTh YHIUIEP B paboTe, MOAACPKUBANTE CKOPOCTh M3MEHEHUS
pacxoja depe3 WCIapUTeNlb B TPAaHUIAX, 33AaHHBIX HM3TOTOBUTENEM. UTOOBI CHU3UTH CKAuKU
pacxo/IoB MPH PETYIUPOBAHUH IOCIEIOBATEIBHOCTH PabOThl YMILIEPOB (OCOOECHHO, €CJIM HACOCHI
paboTaroT Ha OOUIMH KOJUIEKTOP), 9TO MOXET MOTPeOOBaTh HCIOJIb30BAHHMS Ha KaXKIOM YWIIIEpEe
PETryJIUPYIONIUX KJIaaHOB 3aMEJICHHOTO ACHCTBUS.

PerysmmpoBanue pacxona B JinHMH Oaiinaca

Tak e kak W pa3beauHEeHHbIC ('TIepBUYHO-BTOPHYHBIE") cucTeMsbl, cucteMbl VPF pearupyroT Ha
M3MEHEHHE Harpy3kd IMyTeM BapbHpoBaHUs pacxona. Korma Harpyska CHCTeMBI MPHONKAETCS K
3HAYEHUI0 MMHHMAJIbHOTO HOMHMHAJa pacxoja s OJHOIO YWIUIEpa, JOJDKHO BBINOJIHATHCS
OaifmacupoBaHue BOJIbI, YTOOBI OOECIIEUUTh MOJJEPKAHUE PACXOAa yepe3 HCIapUTeNb Yuiulepa Ha
YPOBHE, NIPEBBIIIAIOIIEM 3TO MUHUMAJIbHOE 3HAaYEHHUE.

Mertoas! peryJiupoBaHus

e Jlunus Oaiimaca c perymupyrommM kianaHoMm. Kak yxke oOcyxknaanocs panee,
OalimacupoBaHHE MOXKET PETYIMPOBATHCS WM IMyTEM pa3MELICHHS B OIpPEAeICHHOM
(LeHTpaTbHOM) TOJIOXKEHHH, WITH ITyTEM HCIIOJIb30BaHUS TPEXXOJOBBIX KianaHoB. Ecin
UCTIONb3yeTcs JUHUS Oaiimaca ¢ peryiaupyomuM KIanaHoM, 3TOT KJalaH J0JKEH OBITh
MEIJICHHOTO JEeMCTBUS M JOJDKEH OTKpBIBAaThCS TOrJA, KOTJa pacxoq B OJHOM U3
MOJKTIOYEHHBIX YMJUIEPOB MPUOIIDKaeTcs K 3aJaHHOM MHHUManbHOW Tpanuie. Korma
pacxo] MpeBBICUT 33JaHHBIA 711 YMJUIepa MUHUMYM Ha 3aJaHHYIO BEJIMYHHY, KJamaH
MOYKET 3aKPBIThCS.

* TpeXXOHOBOﬁ KJIaIlaH. AJ'II)TepHaTI/IBHI)IM MCTOAOM PpPCryjiMpoOBaHuA  SABJIACTCA
PasMCIICHUC TPECXXOJOBBIX KJIAITAHOB B OIIPCACIICHHBIX TOYKAaX CUCTCMBEI. PerJ'II/IpOBaHI/Ie
pa6OTI)I HacoCa OOJIKHO BBIIIOJIHATECA TaKHM 06pa30M, YTOOBI ATH KJIalaHbl BCeraa
obecreunBaIn NoAACPIKAHUEC CYMMApPHOTO pacxoJia Ha YpPOBHE, IIPEBbINIAONICM
MUHHUMAaIBLHBIN pacxoaq 4vuiiepa. OI[HI/IM n3 MCTOO0B obecrieueHrss TaKOoro HOMHHAaja
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pacxoa ABJLICTCA PETYIIMPOBAHUC pa6OTI)I Hacoca, YTOOBI NOoAACPIKUBATH OIPECACIICHHYIO
PAa3HOCTb AABJICHUA Ha 3TOM KJIAIIaHE, T.C. obecreunBas HpI/I6J'II/ISI/ITeJ'II)HO MMOCTOSTHHBIN
pacxoa B 3TOM TOYKE CUCTEMBI.

[lockosbKy Temepp IOIMyCKaeTcsi M3MEHEHHE pacxojla 4Yepe3 HCHapuTellb 4YWiuiepa, YWLIEpHI,
000pyZOBaHHBIE YCOBEPIICHCTBOBAHHBIMU YCTPOMCTBAMHU DPEryIHPOBaHUs, MOTYT pearupoBaTh Ha
3TOT NPOIECC MyTEM BPEMEHHOTO DPA3rpyKEHUs. DTO OOBIYHO MPOSBISETCS B KPAaTKOBPEMEHHOM
MOBBIIICHUH TEMIEepaTyphl OXJIaKICHHON BOJIBI Ha BbIXOJE. B ciyyae Hammuus cTporux TpedoBaHUi
K PpEeryJIMpOBaHHIO TEMIEPaTyphl OXJAKICHHOW BOJBI OOCYIUTE C M3TOTOBHUTENEM 4YHIIepa
PEKOMEHJAIMU, OTHOCAIIMECS K MCIOJb30BAHUIO CHUCTEM C IIEPEMEHHBIM pacxoj0M dYepes
UCIIApUTENb.

BoNBIIMHCTBO yCOBEPIICHCTBOBAHHBIX YCTPONCTB PErYJIMPOBAaHUS YHIUIEpA MOTYT OOECTeYHTh
TOYHOE PEeTyJIMPOBAaHUE TEMIIEpaTyphl B Ciydae, eciiu QUIyKTyaluu pacxoja He npesbimatoT 10% ot
MPOEKTHOTO 3HAYEHHS Pacxoia B MUHYTY. /[l HEKOTOpPBHIX PEryasiTopoB B ciydae KOM(OPTHOTO
OXJIQXKAEHUS AOIycKaeTcs CKOpocTh u3MeHeHust 10 30% OT NPOeKTHOTO 3HAYEHUsI pacxo/ia B MUHYTY
(Tak kak Temmeparypa BOJbI Ha BBIXOJIC UCMIAPUTENS HE OTKIIOHSAETCS OT BEIWYMHBI YCTAaBKH OoJiee,
YeM Ha HECKOJbKO MUHYT, €CJIM BOOOIIe OTKJIOHseTcs). Enne pa3 moBropsieM, 4To 3T OTpaHHYCHUSI
HE00X0AUMO 00CYIUTh ¢ U3rOTOBUTENIEM YMILIEPA.

N3mepeHue pacxoaa yepe3 ucnapuTe/b

N3mepenne pacxona uyepe3 UCHApUTENb SBSIETCS KPUTHYHBIM MOMEHTOM IpHU PEryJIMpOBaHUU
cucreM VPF. Ha mnpaktuke Haumbosiee 4YacTo HCMONB3YyeTCA NPSAMOE HM3MEPEHHE PacXoJOB C
UCTIOJIB30BaHHEM PAcX0A0MepoB (YUUTHIBAWTE, YTO HEKOTOPHIC PACXOIOMEPBI TPEOYIOT PEryIISIPHOTO
BBINOJTHEHHsI KaMHOpOBKM). Elle OJHMM BO3MOXXHBIM METOJOM OIPEICICHUS pacxoia SBISETCS
U3MepeHHe Mepernaaa AaBleHus Ha TPyOHOM Iy4yKe HCHapuTeNs C AalbHEHIIUM OmpeaesieHuEM
pacxo/a ucnapuTesis o JaHHBIM U3TOTOBUTEJI.

MecTo pa3meleHus JIHHUHU Oaiinaca

Hcnonb3oBanue Oaiirnaca HE0OXOAUMO Kak MPH MOCTOSHHOM, TaK W TPH MEPEMEHHOM pacxoje B
MEPBUYHOM KOHTYpe. B "HepBHYHO-BTOPUUHON" CHCTEME pa3beIMHCHHE KOMIOHOBKH IO3BOJISIET
OaiimacupoBaTh HM30BITOK BOJBI MEPBHYHOrO KOHTypa. B cucteme VPF wmcnonbs3oBanue Oaitmaca
MO3BOJISIET CHCTEME PETyJIUPOBAHMS TOIICPKUBATH PACXOJbl YWIICPOB HA YPOBHE MHHUMAIBHO
HEOOXOINMBIX.

Jlunus Gaiinaca B cuctemax VPF MoxeT ObITh pa3MelieHa B TPeX MecTax:

e JIunus Gaiimaca, HO TOJIBKO MEHBIIETO pa3Mepa pa3mMeraeTtcs B cucteme VPF B ToM xe
MECTe, 4TO U JUId pa3AesieHHOM cucteMsl. [IpuBoj ¢ mepeMeHHON CKOPOCThIO BpaIlleHUs
Ha Hacoce, pa3MELIEHHOM IOOJIM30CTH OT 4YHJUIEPOB, O0O0ECHEUMBACT YMEHBILIECHUE
pacxosa ¥, COOTBETCTBEHHO, SKOHOMHIO SHEPromnoTpeOJeHUs U SKCIUTyaTallHOHHBIX
3atpar. HemoctaTkoM TakoW CXeMbl SBISIETCA TO, YTO KJIamaH JOJDKEH padoTaTh MpH
Ooyiee BBICOKHMX JaBJICHUSAX (MOXXET MPHUBOIUTH K HW3HOCY M YXYLICHHUIO Ipolecca
peryupoBaHus).
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* Hcnosib30BaHue TPEXXOJOBBIX KJIAMTAHOB HAa HEKOTOPHIX TETNIOOOMEHHUKAX CHUCTEMBI.
Takoil moaxon oOeCmeuYMBacT MUHHUMAJIBHBIA pacxoj] 4YWIIepa, CHIKACT SKOHOMHIO
3aTpaT Ha paboOTy Hacoca (BCIICACTBHE YBEIMYCHHUS PACX0/a CHCTEMBI) U MPUBOAUT K
YMEHBIIICHUIO TEMITEPaTyphl BOJBI HA BO3BpATE.

* Pazmenienue muaum Oaiinaca v KJiarnaHa BOJIM3H KOHIIA TpyOOIpoBoaa. Perymupyromuit
KJIallaH Ha JHUHUM Oaiimaca paboTaeT mpu Oojiee HU3KOM JAaBJICHUU M OOECTIEUHBAET
YCTOWYUBBIA PEXUM perynupoBaHuss. HEKOTOpoll 53KOHOMHEN HKCIUTyaTalMOHHBIX
pacxo10B MOXKHO MOXKEPTBOBATh ISl MOJAep KaHusl pabodero AaBieHusl Hacoca Ha boiee
BBICOKOM YpPOBHE IPU pa3MelIeHUH Oaifmaca Ha yJJICHWU OT YIIepoB. Pazmep nuHUM
Oaifmtaca MODKEH OBITh JOCTATOYHBIM  OOJIBIIMM, YTOOBI OOCCTICUUTh HAIMYUE
MHHUMAIILHOTO Pacxoa.

PerynmpoBanue nocjieoBaTeJ1bHOCTH PadoThI YH/11€POB

CucteMbl ¢ MEpeMEHHBIM PAacXoJOM B IMEPBUYHOM KOHTYPE XapakTepHU3YIOTCS Oojiee CIOMKHBIM
MPOIIECCOM PETYIMPOBAHUS MOCIEI0BATEIBHOCTH PabOTHl YWIIEPOB, YeM 'MEPBHUYHO-BTOPUYHBIE"
cuctembl. J[eCTBUTEIHHO, HEOOXOAMMO TaK OPraHU30BaTh MOCIEI0BATEIBHOCTh PabOTHI YMILIEPa,
4T00BI 00eceYuTh X0opoIyto padoty cucteMsl VPF. B mpoTHBHOM ciydae 3TO MpHUBEAET K OTKa3y
cucteMbl. Pa3paboT4Mkyd CHUCTEMBI JOJDKHBI MPOAYMaTh BeCh TIPOLIECC, CBA3aTh €ro C
MOCJIE0BATEILHOCTBIO OTneparuii (MCIOJIb3ys Uil ATOTO MPOrPaMMHPOBAHUE HA YPOBHE CUCTEMBI) U
yOeAUTHCs, UYTO ONEPaToOp CUCTEMbI MIOHUMAET MPUHITUI PA0OThI CHCTEMBI.

Bruiouenne yniiepa (106aBuTh uniiep) B cucreme VPF

B curyanuun, korma umwiep(bl) HaXoauTcs B paboTe, W €ro pacxoi HE MOXKET OBITh YBEIMYCH
(BciencTBHE OTpaHMYEHHOW TPOM3BOJAMTENLHOCTH Hacoca WM JOCTH)KEHHS MAaKCUMAaJIbHO
JOMYCTHMOI'O pacxojia 4Yepe3 MUCIapUTENb) MM B CUTYallMH, KOT/Ia YWILIEPhl HE MOTYT 00ECIeYUTh
NoJAep’KaHle YCTaBKU TEMIIEPaTyphl OXJIaXIECHHON BOJbI CUCTEMBI, MOXKET ObITh BKJIIOYEH B paboTy
JOTIOJIHUTENBHBIN umiiep. [Ipyu mpaBUIbHON SKCILTyaTallMM CHUCTEMbl BBINOJIHAETCS MOHUTOPHHT
TeMIeparypsl nojauu BoJsl. Eciu TeMneparypa CraHOBHCS BBILIE PAaCYETHOTO 3HAYEHUs YCTABKU Ha
OTIpe/ICTICHHYIO BEJIMYHHY B TEUECHHE ONPE/ICIICHHOTO Tieproia Bpemenn (Harnpumep, Ha 1.5°F [0.8°C]
B TeueHHUe 15 MUHYT) 3anyCKaeTcs TOTOTHUTEIbHBINA YUILIED.

Korna yninepsl BKIIIOYArOTCs B IMHUIO", MOTYT UMETh MECTO 3HAYMTENbHBIC (DIYKTyalluH pPacxo/a.
B nepByto odepenp, 3TO CrpaBeTUBO ISl CUCTEM, COCTOSIIMX M3 IBYX YMJUICpOB. B Tabmuie Hike
MIPUBEJICH IPUMEP C MOSCHEHUEM.

Tabnuya 11 Tlpumepol usmenenuii (payxmyayuii) pacxooa

[IpoexTHOE 3HAUEHNKE MuHaMMaTbHOE 3HAYCHUE MakcuManpHOe 3HaUCHUE

pacxoza ran/mus (j1/cek) pacxoma ran/mun (j1/cex) pacxona ran/mus (j1/cex)
Unrep 1 960 (60.6) 576 (36.3) 2110 (133.1)
Untep 2 1440 (90.8) 675 (42.6) 2474 (156.1)

PaccMoTpuM MOMEHT BpeMeHHM, KOT/a 3aJeiCTBOBaH vmiuiep 1, KoTopblid mmeer pacxonx 1100
raj/muH [69.4 n/cek], MpoXoasIIuiA Yepe3 HCIapuTesb. DTOT YWILIEp HE MOXKET Oojiee 00eCHeYHTh
noJiepkaHuie TpeOyeMOoro 3HaueHHs TeMIIepaTypbl BOJIbI Ha noAave. YTo mpou3oier, eciu KiiaraH
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BTOPOTO 4YMJUIepa OyAET OTKPHIT, 0€3 MPUHATHA KAKUX-TO JOTIOTHHUTEIbHBIX NEWUCTBUI. Eciam Mbl
MIPEIOJIOKAM, YTO TIepenajbl JABICHUS Ha ATHUX YWJUIEpaX pPaBHBI, PAacXOj] uYepe3 KaKIbIH U3
qryutepoB OyzaeT coctaBisath 550 ran/mun [34.7 n/cek]. DTo 03HaYaeT, YTO BHE3AMMHO PACXOi depe3
yiuiep 1 ymaznet Ha 50 mpoueHTOB (BO3MOKHO HMXKE 3HAYCHUsI, KOTOPOE JOIYCKAeT yCTOWYHBOE
pEeTyJIUPOBAHUE) M PACXOJ KKIAOTO W3 YHIUICPOB OYAET JISKATh HIKE MUHUMAIBHO JOIMYCTUMOIO
3HaueHus. [lyreM KOMOMHAIIMK BO3JICHCTBHSI HA CKOPOCTh BPAIICHHS HAcOCa, IIyTEM PETyJIMPOBaHUSI
KJlanaHa Ha Oaifmace W BO3ACHCTBHS Ha BEHTWIM 3aMEJUICHHOTO JEHCTBHUSI HAa YWIUICPAX JTOJDKHBI
OBITH 0OCCTICUCHBI JIBE BEIITH:

* OIJICP)KaHUE U3MEHEHHUS PacX0/ia B paMKaX TPaHUYHBIX 3HAYCHUH JIJIS JJAHHOTO THIIA
000pyIOBaHMS,

* OJIJICPIKaHUE PAcXoia KakKI0r0 U3 YAILICPOB Ha YPOBHE BBIIIC MUHUMATBHO
JIOMYCTUMOTO 3HAYCHUS.

[Tocnennee monoxenne JOJDKHO ObiTh oGecneueHo mpH pa3pabOTKe CHCTEMBI PEeTyIHpPOBAHUSA
cuctemsl VPF.

Beikiaouenne yniiepa B cucreme VPF

Brikmouenne umiuiepa B cucteme VPF He siBisieTcst mpocThiM. B kayecTBe mpuMepa MpeInoioKuM,
4T0 00a Ymiiepa paboTalOT MPH pacxoax, ONM3KUX K 3HaueHHI0 MUHUMYyMa. Yutep 1 pabortaer ¢
pacxomaoMm 650 ran/mun [41.0 i/cek], a ynmnep 2 ¢ pacxogom 760 ran/mun [47.9 n/cex]. CymmapHbIi
pacxon cucteMbl coctarisieT 1410 ran/mun [88.9 n/cek].

ITepBast BO3MOXKHOCTDH

Omkxkntouenue yunnepa 1

O4eBHIHO, YTO MBI MOKEM OTKIIFOUHMTH umiuiep 1 u obecneunBaTh Harpy3Ky CHUCTEMBI 10 Te€X MOp,
MOKa PacxXoJl CHCTEMbl HE HAYHET yBEJIMYMBATHCSA CIMIIKOM ObICTpo. OIHAKO HOMHHATI pacxoja
cucTeMbl OJM30K K MPOEKTHOMY 3HA4YEHHUIO pacxona ymuiepa 2. [loaTomy, ecnu pacxol CHCTEMbI
YBEIIMYHUTCS, MBI OYZIEM BBIHYXICHBI BHOBb BKIIFOUUTH B pa0oTy uniuiep 1.

Bropasi BO3MOKHOCTDH

Omxknrouenue uunnepa 2.

Ecmu ynnnep 1 umeet Temneparypy BOJIbI B KOHJICHCATOPE, JISKAIIYIO HIDKE MMPOEKTHOTO 3HAYCHUS,
€ro MPOU3BOAUTENHFHOCTH Bo3pacia. MokeM JIM Mbl BBIKJIFOUNTH uniuiep 2? Pacxon unmiepa 1 Oyner
TOYHO HAXOAUTHCS B JOMYCTHMBIX TIpaHHIIAX, HO CMOXET JM WM HeT ywuiep 1 obecneduth
TpeOyeMyl0 MpOM3BOIUTENBHOCTH? B  1JaHHOM ciydyae BO3HUKaeT JuiIeMMa oOecTedeHus
JOCTaTOYHOU MPOU3BOAUTEILHOCTH M0 OXJIAXKICHHOMN BOJE TIOCIE BBIKIIOUEHUS YIILIepa.

[Ipomecc peryaupoBaHusi IMEET OYCHb OOJIBIIOE 3HAYCHHE TPUMEHUTENBHO K cuctemMe VPF. UToOs!
MHUHHUMH3UPOBATH CJIOXHOCTH IMPOIIECCa PETyIUPOBAHMSI, MHOTHE TIPOSKTUPOBIIMKYU TIPH pa3padboTKe

CHUCTEM OXJIAXKJCHHOM BOJBI, COCTOSILIMX W3 JBYX - [0 IATH YUJUIEPOB, YacTO HCHOJB3YIOT
"MepBUYHO-BTOPUUHYIO" CUCTEMY.
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"Iepe3akauka” uniiiepa B cucreme VPF

Hekotopsie paszpabotunku VPF-ccTeM HUCTONB3YIOT CXEeMy MOJKIIOYCHHUS HACOCOB HA OOIIHA
KOJUIEKTOp, JOMycKasd 'mepe3akauky’ uwuiepa. B jaHHOM KOHTEKCTe "mepe3akayka’ 03HA4yaeT, uTo
HACOC TMPOKAYMBACT uepe3 Yuiuiep OOJIbIIE BOJIBI, Y€M AOTO PEKOMEHIOBAHO B OPUTHHAIHLHOM
npoekrte. [yig nmpenpiayniero npuMepa "mepe3akadyka” ymiuiepa 1 OyaeT UMETh MECTO BCSKHU pas,
KOTJla pacxoja BoJbl yepe3 ucnaputeiab npeBbicHT 960 ran/mun [60.6 n/cex]. Omnako BenuunHa
pacxoja He JOJDKHA MPEBBINIATh MaKCHMMAaIbHO JOMYCTHMOTO 3HaueHus. [lomHHMTE, 4TO mepeman
JaBJICHHUS Ha WCIapHUTeNe yBEIMYMBACTCS MPOMOPIHMOHATIBHO KBajapary pacxoja. CyliecTBYyeT Be
MIPUYUHBI, TIO KOTOPOM IIeJiecooOpa3Ha "mepe3akavka’ yuiiepa.

Ecimn ponmycTtuTh CHMXKEHHME TeMIeparypbl BOJbl B KOHJEHCATOpPE, YWILIEP CMOJKET IMPOU3BOAUTH
OoJbllle OXJIKACHHUS - €CIM 3TO JOMyCTUMO. EIMHCTBEHHBIM CIIOCOOOM HCIOJIB30BATH 3Ty
YBEJIMUMBIIYIOCS TIPOU3BOJUTENILHOCTD SIBJIISIETCS WM YBEJIMYEHUE  BEJIIMYMHBI pacxofa WU
yBeJIMYCHUE TeMneparypHoro auddepennuana (nepenana). Eciu Temmneparypa Boabl Ha BO3Bpate
3aJjaHa ’KeCTKO, MPo0IeMy MOYKHO PEIIUTh WU ITyTeM CHUKECHHUS TeMIIepaTypbl BOABI Ha BBIXOJE WU
MyTeM YBeIWYeHUs pacxoja. MI3MeHeHre TeMIepaTypbl BOAbI YCIOKHIET PEXKUM PabOThl CHCTEMBI.
VYBenuueHue pacxona BOJbI MOXKET ObITh Hanbonee MpocThM pemieHueM it cucteM VPF. Ilpu
YBEIMYEHUH PacXo/ia BOJbI Uepe3 UCIAPUTEIIh YHILIEP MOXKET 00eCIeunTh 00JIbIlIee OXJIAKACHHE.

HexoTopbie omepaTtopsl "Nepe3akaudBaOT' YHIUIEp, HCHOJB3YsS cHHApoM Hu3koit AT" (cm.
COOTBETCTBYIOIIIMU pa3jed). [Ipumepom “cunmpoma Huszkoro AT" sBasercs mnosydeHue
TEeMIIEpaTypbl BOJbl Ha BO3BpaTe C TEMIEPAaTypol HMXKE, YEM BEJIMYMHA MPOEKTHOTO 3HAYECHMS
(marmpumep, 49°F [9.4°C] Bmecto 56°F[13.3°C]). B aToif cuTyanuu eIWHCTBEHHBIM CIIOCOOOM
3arpy3UTh YWILIEP SABISIETCS CHUYKEHHE TEMIIEPATYPhI OXJIAXKIEHHONW BOJbI WM YBEJIMYEHHE pacxoja.
Eciu no3BossieT MOIHOCTh Hacoca U CKOPOCTh €0 BpallleHUs, ONIEpaTOpP MOKET YBEIMYUTh Pacxo]l
U IPOU3BOAUTENLHOCTH YMlIepa. He gomyckaeTcs BBIXO[ 3a Auana3oH pabovyux mapaMeTpoB Hacoca.

Kputnueckue TpedoBanusi, npeabsiBisieMble k cucremam VPF

[TockoJbKY HCHOJB30BAHUE CHCTEM C TEPEMEHHBIM PAaCcXOJO0M B TEPBHYHOM KOHTYPE JOJDKHO
MPUHOCUTH OMpPE/ICIICHHBIC IPEUMYIIIECTBA, UX UCIOJb30BAHUEC MOXKET OBITh PEKOMEHIOBAHO HE JIS
Bcex THMOB cucteM [1]. Hmke mepeunciieHsl (akToOpsl, SABISIOMUECCS KPUTHIHBIME JIJIsl YCICIITHOM
paboTtsl cuctem V PF.

* PerynsTopsl YnILIephl JOJKHBI 00ECTICYHTh aJ€KBATHOE PETyJIHPOBAHHUE TEMIIEPATYPHI
NPU U3MEHEHUH PacXo/ia.

* Peryssitopbl ypOBHSI CHCTEMBI JIOJDKHBI 00ECTICUHTh COOTBETCTBYIOIIEE PErYINPOBaHUC
KaK TeMIIepaTypbl, TaK ¥ pacxoia MpH U3MEHEHNUHU Harpy3KH CUCTEMBI.

* Ha pa3paboTky M mporpaMMHpOBaHHE IOCIEA0BATEIBHOCTH PETYIUPOBAHUS CUCTEMEI
JOJIKHO OBITh OTBEJICHO COOTBETCTBYIOIIEE BPEMSI.

* Oneparop CUCTEMBI JIOJDKECH IIOHUMATh MPOUCXO/ISIIHE MPOIIECCHI

 Cucrema J0JpkHA OBITH 000PYIOBaHA OJTHUM M3 CPEICTB 00CCIICUCHHS] MUHHUMAIILHOTO
pacxoga Il BceX YwuiepoB (0OBIYHO, OIHMUM U3 METOAOB OalImacMpoBaHU,
PacCMOTPEHHBIX paHee).
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UcnonszoBanue cuctem VPF NpUBOJAUT K CYHICCTBCHHOMY YCIIOKHCHHUIO KaK KOHCTPYKIIMH
CUCTCMBI, TaK U K €€ 3KCIIIyaTalluu. Yr10o0BI 00ECIEUYNTE HOPMAJIbHYIO 9KCILTyaTallui0 CUCTCMbI VPF,
JOJI2KHO OBITH BBIIOJIHEHO MHOTO yCJ'IOBHfI.

JIuTepatypHble CCHIJIKH pa3jieJa:

1. Schwedler M., PE and BradleyB., "An Idea for Chilled-Water Plants Whose Time Has Come...

Variable-Primary-Flow Systems', Engineers Newsdletter, Volume 28, No.3, The Trane Company,
1999.
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Onuuu peryJMpoBaHuA TEMIIEPATYPbI 0XJIAXKACHHOU BOABI

IlepeonpenesieHue yCTABKH OXJIAKIEHHOM BOAbI - MOBbILIEHHUE H OHUKEHHE

JInst CHWXKEHHsI DSHepromoTpeOleHus dYwulepa Ha MHOTUX YCTaHOBKaxX IO IPOM3BOJICTBY
OXJIAXKICHHON BOJBI MCIIOJIb3YETCS! OMNIMS M3MEHEHHUS YCTaBKU TEMIIEPATYpbl OXJIAKJICHHOM BOJBI,
T.€. I3MCHEHUsI YCTAaBKU peryarpoBaHus ymuiepa. Kak ObUIo Moka3zaHO B IEPBOM paszielie JaHHOTO
n3nanus "OCHOBBI NMPOM3BOJICTBA OXJIAXKJICHHON BOJBI', YBEIMYEHHE TEMIEPATyphbl OXJIAXKICHHOU
BOJIbI TO3BOJISIET CHHU3UTH SHEPromnoTpedieHne uuiuiepa. B HAaCOCHBIX cHCTeMaxX € MOCTOSHHBIM
Pacxo/IoM 3TO MOJKET MO3BOJIUTh YMEHBIIUTh YHEPTONOTPEOICHUE BCeH CUCTEMBI (IO TeX Top, MOKa
o0TecrieYynBaeTCsl peryupoBanue BiaxHocTH). COOil B peryimpoBaHUM BIIQKHOCTH MOXKET OBITH
NOJIy4eH B TOM CJIy4ae, €CJIM TeMIIEpaTypa OXJIaXIE€HHOM BOJbI BO3PAcTacT U TEMIIEpaTypa BO3LyXa
Ha BBIXOJE TETIOOOMEHHHKA BBIPACTAeT J0 3HAYCHMS, NIPH KOTOPOM HE MOXKET OBITh 0OecreyeHo
BBINOJIHEHHE TPEOYEMOTO OCYIIECHUS.

B cucremax ¢ mepeMeHHBIM PacxoIOM HACOCHOH MPOKAYKH YBEIHMUEHUE TEMIIEPATYPHI OXJIAXKICHHON
BOJIBI IPUBOJIUT K YBEIMYCHHUIO YHEPTUH, TOTPEOIISIEMON HACOCOM, M YaCTO, K 3HAYUTEITLHOMY POCTY
CyMMapHOW 3HEPTUH, MOTpedisieMoii cuctemoi. [lepen Tem, Kak MPUHATH pelicHHe 00 YBEITUYCHUN
TEeMIIEPATypPhl OXJIAXKJACHHON BOJIbI, ONIEPATOP CUCTEMBI JODKEH PacCCUUTATh YBEIUUYCHUE DHEPTHH Ha
HACOCHYIO TMEPEKauyKy W CPaBHUTHh 3TO 3HAUYCHHUE C HDKOHOMHEH HHEpPromoTpeOJicHHs Yuuiepa.
Heobxomumo otmetuth, uto ctanaapt ASHRAE/IESNA 90.1-1999 tpeOyeT HCIOIB30BaHMUS OTIIMA
MEPEONpPEICIICHUS YCTABKH TEMITEPATYPhl OXJIAXKICHHOW BOJBI IJI1 CUCTEM C TTOCTOSTHHBIM PaCX0IOM.
CucTeMBbI C TIEPEMEHHBIM PacX0JI0OM HCKIFOUYEHBI M3 3TOTO TPeOOBAHHS MO MPHUYKWHAM, U3JIOKEHHBIM
HUXKE.

Yacto WrHOPHPYEMBIM METOJIOM CHIDKCHHS JHEPTrONOTPEOJICHUS CHUCTEMBI SIBJISIETCS METO.
YMCHBIIIEHUSI TEMIIEPaTypbl OXJIAKICHHOW BOJBI, MO3BOJSIONIMNA COKPATHTh SHEpro3arparkl Ha
HACOCHYIO TepeKauKy, HO TPHUBOMSIIMHA K pOCTy J3HepromnorpebnaeHus uwwiepa. CHUKCHHE
TEMIIEPATyphl OXJIAXJICHHOW BOJBI TAaKXKE TO3BOJSICT YIYYIIUTh MPOIECC OCYIICHHS BO3IyXa B
3nanuu. Emie OgHUM CIENICTBHEM CHIDKEHHS TEMIIEPATyphl OXJIAKICHHOW BOJIBI  SIBISICTCS
YBEJIMYCHHUE TMPOU3BOAUTEIHFHOCTH YMJUIEpa B MOMEHTHI, KOT/Ia TEMIIepaTypa BOJbI KOHACHCATOpa
JI)KUT HUKE MPOEKTHOro 3HaueHus. Jlo 3amycka CJeIyIoIIero YMjuiepa M €ro BCIIOMOTaTeNbHOTO
000pyZOBaHUA MPOXOAUT OoJNbIIe BpeMEHH. JTa Omuus Ooyiee TOAPOOHO OCBEIleHa B pasfene
"Cunapom Huzkoit AT".

UYroObl 00ecreynTh COOTBETCTBUE TPEOOBAHMSAM HArpy3KH CHUCTEMBI, JI000€ M3MEHEHHUE YCTaBKU
TeMIepaTypbl OXJaXICHHONH BOABI TpeOyeT MpOBENEHHUS W3MEHEHHH B aJrOpUTME MpPOrpaMMbl
pPEeTyIHpPOBAaHUS TOCIIEOBATEIbHOCTH pPabOThl YMUJUIEPOB CHUCTEMBI. OJTO HE TapaHTUPYEeT OT
BO3HUKHOBEHUSI IONIOJHUTEIBHBIX YCI0KHEHUH.

KpuTHuHble MOMEHTBI IPH Nepeonpee/IeHMH YCTABKH padoThl Hacoca

Yacro, paboTa HaCOCOB peryIupyeTcss TaKUM 00pa3oM, 4TOOBI MOAEP)KUBATH MOCTOSHHBIN Mepenas
JaBJICHHUS HAa BHIHOCHOM TeriooOMeHHUKe. [1ocKoIbKy Takol TerooOMEHHHK OOCITY)KHBAaeT 30HY,
TPEOYIOIYI0 MaKCUMAITLHOTO OXJIKACHHS (KPUTHYHYIO 30HY), HACOC MPO3BOAUT OOJIbIIEE JaBICHHE

U ToTpebisieT OoJbliee PHEPTUH, YeM 3TO HEO0OXOAUMO. YCTaHOBKH, 00OpYIOBaHHBIE CHCTEMaMHU
peryJIMpOBaHuUs Ha BO3AYLIHOW CTOPOHE M CUCTEMaMH PEryJHpOBaHHs BCEW YHJUICPHON yCTaHOBKH,
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ocHarens! kinananamu ¢ DDC-1udpoBbIME KOHTpOJIIEpaMHt, MO3BOJISIIOIIMMH COKPATUTh PAaCcXOJbl
Ha DKCIUTyaTallul0 HacocoB. EcIM MOHUTOPUHI CHUCTEMBbI OPraHM30BaH TakHUM 00pa3oM, YTOObI
OTIpeNIeNUTh "KPUTHUHOE" 3HaYeHHE B Ka)XIblii MOMEHT BPEMEHH, JaBJeHHE pabOThl HAacoca MOYKET
OBITh M3MEHEHO TaK, 4TOOBI PETYIMPYIOUIMH KanaH KPUTUYHOW 30HBI HAXOAMICS B IOJIOKEHHUH,
OMU3KOM K TMOJIOKECHHUIO OTKPBITHSA. BCTpPOCHHBIH pETyisTOp MO3BOJSIET KOHTPOJUIEPY YPOBHS
CUCTEMBI OTPEeNIUTh KPUTHUHYIO 30HY U JWHAMUYHO MEpeorpeesIUTh yCTaBKy paboThl Hacoca H,
TaKkuM 00pa3oM, CHU3UTH 3aTpaThl HA SKCILUTyaTaI[|I0 HAacoca.

Kontpomnep "3HaeT" monoXeHHE OTIACNBHBIX KIAlaHOB, KOTOPHIE H3MEHSIOT U O0ECIeYHUBAIOT
HEOOXOIMMBIN pacxo] BOABI 4yepe3 TerooOMeHHHK. CHucTeMa aBTOMATH3allMM 37aHUs BBITIOJIHSAET
MOCTOSSHHBI MOHHTOPUHI KOHTPOJIJIEPOB KJIAllaHOB, OIpEIEIsisi OTKPbIThIe KiamaHbel. KoHTpoiep
IepeyCTaHABIMBAET YCTaBKy pabOThl Hacoca TakuM oOpa3oM, 4TOObl, MO KpaiiHel Mepe, OJUH
kJanad (TpeOyroUMii caMoro BBICOKOTO JaBJICHHS Ha BXOJC) HAXOAWIICS B TIOJIOKCHUH, OJM3KOM K
MOJIOXKEHUIO TIOJIHOTO OTKPBITHA. Pe3ynbTaT Takoi cTpareruu MNposSBIIEeTCS B TOM, YTO HACOC
IPOU3BOAUT TOJBKO JaBJEHUE, HEOOXoauMoe Ul oOecreueHus TpeOyeMoro pacxoja BOJbI uepes

i

lII(pI/ITI/I‘IeCKI/II/I KJIallaH, 4TO IIO3BOJIACT SKOHOMUTD 9HEPIro3aTpaTbl HA HACOCHYIO IICPCKAYKY.

JIutepatypHble CCHIJIKH pa3jieJa:

1. BSR/ASHRAE/IESNA 90.1-1999, "Energy standard for buildings exept low-rise residential
buildings". Illuminating Engineering Society of North America and American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc.,1999.
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PexkoMeHaaMU MO MPOEKTHPOBAHUIO

Kondurypanusi cxeM BKJIKOYeHHS] HACOCOB OXJIAKAEHHON BOAbI

Hacocsl MOT'YT OBITh CMOHTHPOBAHBbI WJIM Ha BXOJI€ WJIKM HA BbIXOJC YMIUICpA (CCJ'II/I Ha BXOJ€ HAacocCa
obecreyeHo COOTBCTCTBYIOIICC IIOJIOKUTCIIBHOC TaBJICHUC BcaCI)IBaHI/IH). B ClIydasix Halnduia
3HAYUTCJIbHOI'O HaAIlopa cTosiba KHUIKOCTH (HaanMep, B MHOI'O3Ta>XHOM 3I[aHI/II/I) HacoC 4YacCTo
pasMeIacTCsa Ha BbBIXOAC YWUILJICpPA, TaK YTO HCHAPUTCIIb HAXOOUTCH IIOJ AaBJICHHUCM CTATHYCCKOI'O
Hamopa, a HE CTaTU4YCCKOIro IIr0C JUHAMHUICCKOTO (cosz[aBaeMoro HaCOCOM) Hariopa. B stom ciiy4yac
oTIagacT HCO6XOI[I/IMOCTI) HCIOJIb30BAHUA BOAAHBIX KPBINICK BHICOKOT'O IAaBJICHHA HA YUIUICPC.

JIOTIOJTHUTENIFHBIM TIPEUMYILECTBOM Pa3MEIeHHs] Hacoca BBEPX MO MOTOKY (10) YWiuiepa SBISCTCS
TOT (haKT, 4TO TEILIO, BBIAEISIEMOE JIEKTPOIBUTaTEIeM HAacoca U MepeiaBaeMoe BOJE, MOXKET ObITh
CHATO HENOCPEACTBEHHO Ha uwiuiepe. Uwiuiep HE JNODKEH KOMIIEHCHPOBATh TEIUIO, BBIACISIEMOE
HAcOCOM, POU3BO/Is 60JIee XOIOJHYIO BOY.

OnuH Hacoc HA YWILIep

Hcnonp30BaHie OJHOTO HAacoca Ha KaXJAOM 4miuiepe (Kak B Pa3beIUHEHHBIX CHCTEMax, TaK M B
CHCTEMax ¢ MEPEeMEHHBIM PacXoJ0M B IIEPBOM KOHTYpE) CYIIECTBEHHO CIIOCOOCTBYET YHPOIIECHHIO
THIPAaBIUKK CHCTEMbI. BBIOOp Hacoca MOXKET OBITh BBINOJHEH TOJBKO C yYETOM HEOOXOJMMOTO
pacxoga W mepenaja JAaBICHUS UII KOHKPETHOTO wmiuiepa. lcronb3oBaHHME OMOJTHHTEIBHBIX
HACOCOB M3MEHsSET (HO MHHUMAJIBHO) THAPABIUKY CHCTeMbl. HelOCTaTKOM TakoW CXEMBI SIBIISICTCSI
OTCYTCTBHE pe3epBa B CUCTEME. JTOT HEJOCTATOK MOKET OBITh MCIPABJIEH MYTEM HCIIOJIb30BaHUS
PE3epPBHOTO HAcOCa W CHCTEMbI TPYOOTIPOBOJIOB M BEHTHIICH, CMOHTHPOBaHHBIX TaKHM 00pa3oM,
4TOOBI B Cllydyac BO3HMKHOBEHHs aBapUITHOW CHUTYyallMd STOT PE3CPBHBIA HAcoc CMOT paboTaTh C
JFOOBIM YHILIEPOM.

Hacocsl, padoTaromue Ha 001U KOJJIEKTOP

Jlns  BBIMONHEHUS TpPeOOBaHWSI HAMMYUSI pe3epBa B CHCTEME HEKOTOPBIE MPOCKTUPOBIIUKU
MIPEIMOYUTAIOT MCIOJIB30BaTh CXEMbI HACOCOB, MOAKIIOUEHHBIX HA OOUIMA KOJUICKTOP, C YHCJIOM
HacocoB "N+1" (rme N - 4KCIIO YMILIEPOB B cUcTeMe). Takas KOMIIOHOBKA TO3BOJIICT MCIIOJb30BATh
nr060i1 Hacoc I o6oro yriuiepa. OHAKO THAPABINKA TAKOH CXEMbI CTAHOBUTCA 00Jiee CI0KHOM.
XoTs mepemnaabl JAaBJICHUS Ha WCHAPUTENSAX PaBHBI, PACXOJbl BOABI Yepe3 YHUIUIEPHl OYyIyT
ornuyarbes. Kak yxe ObUIO paHee OTMEUEHO Uil CHUCTEM C TIEPEMEHHBIM pPacXoioM B TEPBOM
KOHTYpE, HCHOJb30BaHHE HACOCOB, paldOoTaloOmMX Ha OOMIMK KOJUIEKTOP, CO34AeT TPYTHOCTH C
PETYIMPOBaHUEM TIPHU OPTAHU3AINHY TIOCIICIOBATEIILHOCTH PadOThl HECKOJIBKUX YHIUIEPOB.

Kaxxnast n3 cxeM MOAKIIOUEHHUS] HACOCOB MOXET MPHUMEHSTHCS C YCIEXOM: CXeMma 'OJMH Hacoc Ha
qruiep” YOpoIlaeT THAPABIMKY CHUCTEMBI, a CXeMa BKIIOYEHHs HAacOCOB Ha OOIIMH KOJUIEKTOD
MOBBINIAET HA/IS)KHOCTh CHCTEMBI (0OeCTIeunBacT HATMYHE PE3ePBa).
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Omnpenaesienne TunopasmMepa JuHUH Oaiinaca

Jluaun Gaiirmaca HEOOXOIMMO WCIOJIB30BaTh KaK IS Pa3beAMHEHHBIX (IIEPBUYHO-BTOPHUUYHBIX)
CUCTEM, TaK U JUIA CHCTEM C MEepPeMEHHBIM PacxojoM B mepBoM (mpoussosieM) koutype (VPF). B
paseieHHOW CHUCTeMe pa3Mep JIMHHH Oaiinaca noybkeH ObITh paccumtaH Ha 110-115% nomwmuana
pacxoaa camoro 6oJbmoro ymwniepa. B cucteme VPF nunaus Gaiiraca moypkHa OBITH paccuMTaHa Ha
MHUHUMAJBHBIN pacxXo/i CaMoro O0JIBIIOTO YHILIepa.

XoThl B JMHHUM Oaiflaca W HEOOXOJUMO O0ECIECYNTh MHHUMAIbHBIC MOTEPU JABICHUS, HO TPHU
OTHOCHUTEJILHO HEOOJBINON JUIMHE JTMHUU Oaiinaca 0e3 3HAYUTEIBHBIX TOTEPh AABJICHUS MOKET OBITh
oOecrieueHa 3HAUYMTEIbHAA CKOPOCTh BOABI. B TO ke Bpems IivHa JNWHWU Oaiiraca M0JDKHA OBITh
JOCTAaTOYHOU, YTOOBI TapaHTUPOBATh OTCYTCTBUE CMEIICHHUS TIOTOKOB TI0JJaBaeMOW M BO3BpalIaeMOi
BoAbl. PexomeHnmyemas nnvHa JWHUM Oailimaca MOJDKHA OBITh paBHA HE MeEHEe IBITH-ICCSTH
TMaMeTpaM 3TOW JIMHUH.

Konn4ecTBO XKMAKOCTH B KOHTYpeE

YTo0OBI 00ECIIEUYNTD HauIe)Kalee peryjimpoBaHuc CUCTCMbL OXJ'Iﬁ)KI[CHHOﬁ BOJbI, IIpU OHIPCACIICHUN
KOJIMYCCTBEC BOJIbI B KOHTYPC, HCO6XOI[I/IMO JaTh OTBET HA JIBA BOIIpOCa:

* Kak ObICTpO CMOXKET pOpearupoBaTh JaHHBIN YWILJIEp HA U3MCHEHHE YCIIOBHNA?
* Kak ObICTpO CMOXKET IpOpearupoBaTh CUCTEMA HA H3MEHEHHUE YCIIOBHIA?

KomuuectBo KHUIKOCTH, HCO6XOI[I/IMOC JJIA obecrieueHus HaJIe)Kalero pexnuma pa6OTI)I,
OMpeaACIICTCA OOJIBILIMIM U3 DTHUX ABYX 3HAYCHUH. Y‘ITI/ITC, yTo 00a BOIIPOCA OTHOCATCA B BpECMCHHBIM
XapaKTCPUCTHUKAM.

Heo6xonumslit 06beM = Homunan pacxona x Bpems koHTypa

rue:
* HeoOXo1uMblli 00beM = KOJIMYECTBO JKUIKOCTH B TEIUNIOOOMEHHHKE, HCIapuTee, Oake-
HakonuTees U T.1 (B rajuioHax [nuTpax]).
* Homunan pacxona = HomuHanbeHbl pacxo] cuctemsl (B rai/muH [11/cex]).
* Bpemst koHuTypa = Bpewmsi, koTopoe TpeOyeTcsi KHIKOCTH, YTOOBI BBITH M3 YUILIEPA,
NPOWTH Yepe3 CHCTEMY U BEPHYTHCS B YHILIEP, YTOOBI 00ECIICYNTh YCTOMYMBBIA PEXUM
paboThI cucTeMbl ( B MUHYTaX [ceKyHIax]).

"Peakuusi” 4M/Iepa HAa H3MEHEHHUeE yCJIOBUM

[Ipu paccMoTpeHUH KOHKPETHOTO YHIIJIEpa BOCMOIb3YUTECh PEKOMEHAAIMSIMU U3TOTOBUTENS. ITO
MO3BOJIUT ONPENEIUTh a0COTIOTHOE MUHIMAIIBHOE KOJMYECTBO BOJIBI B KOHTYpe. OHaKo, Kak Oymaer
MOKa3aHO B CIIEAYIOIEM pasfielie, STOT 00beM SBISETCS MUHUMAIBHBIM OOBEMOM YMILIEpa, a He
MUHUMAJIBHBIM O00BEMOM BCEW CHUCTeMBl. MHOTHME W3 COBPEMEHHBIX YHIUIEPOB 0O0OPYIOBaHBI
perynsaropaMu, 00eCTeUnBAIOIIUMHU OBICTPHIN OTKIMK Ha U3MEHEHHE YCIOBUN. HekoTopbie Ymiieps
MOTYT "cpearupoBaTh’ Ha M3MEHEHHE TeMIIepaTypbl BOJbl Ha BO3BpATe B TECUCHHE OJHON MHUHYTHI.
Jis Opyrux 4YWUIepoB 3TO BPEeMsi MOKET COCTABIIATH ISITh WM Oosiee MUHYT. BpeMms oTkinka
MEHSIETCS] B 3aBUCUMOCTH OT TUIA M KOHCTPYKIUU YHILIEpA.
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OTKJIHMK CHCTEMBI HA N3MEHEHHE yC.J'IOBI/Iﬁ

Ba)kHO MOHATH, YTO @K€ €CNIM YMJUIEp MOKET OBICTpOo “cpearupoBaTh’ Ha HW3MEHEHHE YCIIOBHI
paboThl, MUHUMAJIBHOE BpeMs "peakiuu’” KOHTypa MOXKET OTPEACIATHCS BpeMEHEM B3aHMOICHCTBUS
MEXy YUIIEPOM, HACOCAMHU CHUCTEMBI U PEeTyIHPYIONMMHU KilanaHamu. [IpoBepbTe B3anMoieiicTBrE
STHX 3JIEMEHTOB, YTOOBI 00ECTICUYNTh YCTOMYMBBII PEKUM PETYTHPOBAHUS CHCTEMBI.

IIpumep:

PaccMoTpuM YrILIep, TPEOYIOIHIA 11T HOPMAJIBHOTO PEKUMa pabOThl, KAK MUHUMYM JIB€ MUHYTHI Ha
npoxoskaeHne Bobl. OMHAKO MOCIE PACCMOTPEHHsST B3aUMOICHCTBUS PabOTHI JIEMEHTOB CHCTEMBI
NPHUXOJUM K BBIBOALY, YTO CHCTeMa OyJeT Jiydine paboTaTh MPH BPEMEHH MPOXOKICHUS KOHTYA,
paBHOM 5 munyTam. HoMuHai pacxona cuctemsl coctanisiet 960 ran/mun [60.8 n/cexk].

Heo6xoaumbiit 00bemM = 960 ran/mun x 5 mun = 4800 ran
[HeoOxomaumbrit 00beM = 60.6 n/cek x 5 muH x 60 cex = 18160 nutpos]

Ecin o6neMm KHUIKOCTHU B pr6HOM IMy4KC HCIIapUTECILL, B pr60npOBoz[aX A TEII000MEHHHMKAX
MCHBIIC YKAa3aHHOT'O HCO6XOI[I/IMOFO O6’LeMa, HY>KHO HCIOJIb30BATh AJOIOJHUTCIIbHYIO C€MKOCTD,
YTOOBI YBCJIUYUTD 00BeM KOHTYpa. I[J'ISI obecreueHns ONTUMAaIbLHOM CTaOMILHOCTH PEKUMOB pa6OTI)I
CHUCTEMBI 3Ta €EMKOCTHh AOJIKHaA OBITE CMOHTHUPOBAaHa Ha BO3BpATC BOIbI, 4TOOBI CMEIIMBATH MOTOK
BOJbI BO3BpPATC C BOHOﬁ, HaXOHﬂmeﬁCH B I[aHHI:Iﬁ MOMCHT BPEMCHHU B Oake (CMKOCTI/I).

Pacummpenue MongHocTel yCTAHOBKH

Pacmmpenue MOIIHOCTEH YCTAHOBKM MOYKET OBITh JIETKO BBIIOJHEHO KakK JJIT JBYXKOHTYPHBIX
(mepBUYHO-BTOPUYHBIX) CHCTEM, TaK M Ul CUCTEM C MEPEMEHHBIM PacXoJ0M B MEPBOM KOHTYpE,
IIyTEM HCIOJIb30BaHUS IOMOJIHUTENBHOIO 4uiulepa U Hacoca. IIpu paccMOTpeHHMH 3TOro mpoekTa
HEOOXOIMMO OIpeNeNuThCs C OTBETaMH Ha JBa BOINPOCA: PACCUUTaHBl JU TPYOONPOBOMABI
pacrpenienieHus OXJIAXKJICHHOW BOABI Ha HY)KHBIM pacxXojl, U KaKuM 00pa3oM CMOHTHPOBATh HOBBIN
YUIIJIEp, B TO BPEMs KaK OCTaJIbHbIE YMJUIEPHI BCE €11€ POU3BOIAT OXJIAKIACHHUE.

Ecmu Tpy6onpoBoaBl paccYUTaHbl HA HOMHHAJT PacXoa HOBOI CHCTEMBI M HACOCHI MOTYT TOJaBaTh
JOCTaTOYHOE KOJIMYECTBO BOJBI, TaKOW mojaxonx paboraeT ycmemHo. UToObl 00ecneduTh pacxon
OXJIAXKJCHHOM BOJBI BO BPEMs MOHTa)ka HOBOI'O UMJUIEPA, HA HEKOTOPBIX YCTaHOBKaX Ha MeECTe
HOBOTO YWJIJIepa MOHTUPYIOTCS TpyOHbIE 0TBOABI. TakuM 00pa3oM MOHTaX HOBOTO YMJUIEpa MOXKET
BBINIOJIHATBCS Ha JeHCTBYOIEH cucreMe. [locie okoHYaHMs MOHTa)a MOYKHO OTKPBITh BEHTHJIM Ha
TPYOHBIX OTBOJAX.

Ecnu pa3peniHeHHAs cucTeMa UCTIONb3YEeTCs s OOJIBIIMX CHCTEM TUNa "Kamiryc” (C mapaiebHbIM
MOKJIFOYEHUEM Harpy30K), HOBBIC JOTIOJHUTEIBHBIE HArpPy3KHM YacTO Pa3MEINAOTCS Ha HEKOTOPOM
YIQIEHUM OT YXKe CYIIECTBYIOIIMX Harpy3ok. llpoekTupoBmukam Bcerga HpaBUTCS —Hzes
"moaBecuTh" HOBBIE HArpy3KH K YxXe cyulecTBywolied cucreme. (CxeMa C¢ JIByMs KOHIIaMH,
MoKa3aHHas Ha pucyHke 19, sBiseTcs OJHUM K3 BO3MOXKHBIX PEIICHHH IOCTABJICHHOM 3alauu.
Bropas mpou3BoACTBEHHAs MOIIHOCTh pa3MellacTcs B YAOOHOM MecTe B HOBOM 4YacTH KaMiryca.
PacnpenenurtenbHas ycTaHOBKAa MpeACTaBisAeT co00M 3epKalbHOE OTOOpak€HHE CYIIECTBYIIMX
pacrpenenuTeNbHbIX TPyOOIIPOBOIOB U MOACOEIUHSIETCS K KOHIIaM KaX 101 CUCTEMBI.
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[lpu Takoli KOMIIOHOBKE JIFO0OW W3 MPOM3BOACTBEHHBIX KOHTYPOB MOXET OBITH IOJCOCAMHECH K
o01IeMy KOHTYpY pacrpeneneHus. Touka OTCYCTBHS pacxo/ia MpoCTo 'TuiaBaeT”, Tak Kak HarpyKeHbI
o0e mpou3BosIIMe ycTaHOBKU. Ecii omepaTop XxoueT 00e30macuTh (OTKIIOYHTH) IHEITUKOM OJUH
KOHTYp TpH O4YeHb MaibiX (CE30HHBIX) HArpy3KaxX, 3TO HE NPEACTABIACT CJIOXHOCTH, €CIIU
MOJIKJIIOYEHHAsT YCTAHOBKA MMEET COOTBETCTBYIOIIYIO MOIIHOCTH MPOW3BOJICTBA U PACIIPE/ICIICHHS.
JIst ycTaHOBOK, pabOTAOMIMX MOCTOSIHHO (KPYTJIOTOIUYHO), TaKash TAaKTHKA MOXKET MCIOJIb30BATHCS
IUISl 3HAYMTENIHOTO CHIDKCHMS OKCIUTyaTallMOHHBIX PAacXoJOB B TEYCHUE MPOJIOJDKHTEIBHOTO
nepuosia BPEMEHM B TedeHHe rona. Kpome TOro, Takold MeETOJ TIO3BOJISICT BBITOJIHSITH
MPEUMYIIECTBEHHOE HarpyxeHue 0oJiee HOBBIX (0oJiee 3(pPeKTUBHO pabOTAIOIINX) MAIIIHH.

Pucynox 19  Pazoenennas cucmema ¢ 08yMsi KOHYamu
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BapuaHTsl cHUCTEeM 0XJIAKIEHHOU BOAbI

B noaxopdmux curyanusx MOTYT M JOJDKHBI MCIOJIB30BaTbCsi pas3IM4HblE BapUaHThl CHCTEM
oxnaxaeHHol Boabl. Kaxnad w3 Takux KoHuUrypanuii oOnamaeT paaoM MPEUMYIIECTB TMpH
pa3pelIeHu BO3HUKAIOIMIUX IPOOIeM.

Perenepauus remJia

B nacrosiiee Bpemst Hopmel ASHRAE/ESNA 90.1-1999 [1] TpeOyroT i1 onpeielIeHHbIX YCIOBUI
NPUMEHEHUSI OIIMM pereHepanuu Teruia. TpeOoBaHMsA K KaueCcTBY BO3/AyXa BHYTPU MOMELICHUS
CIOCOOCTBYIOT HCIIOJIb30BAHHIO CHUCTEM, KOTOpBIE MEPEOXIKIAIOT IOAAaBAEMBIH BO3IYX, UTOObI
ocymth ero. Hopmer ASHRAE/ESNA 90.1-1999 orpaHn4uBaroT Uil TAKHX YCJIOBHI KOJIHUYECTBO
sHepruu mneperpea. [lo 3TUM npuumMHaM, a Takke BCIEACTBUE CTOMMOCTH SHEPTrUH, BO3OOHOBICHO
MCTOJIb30BaHNe YWIIEPOB C pereHeparyeil temna. [lpumep, mpuBeAeHHBIH HUKE, WLIIOCTPHPYET
SKOHOMHYECKH (P (EKTUBHYIO CXEMY pereHepanuu Teria. Takas cxema 0ObIYHO HCTONb3yeTcs Ui
HarpeBa BOJIbI B OTEJISAX U TSI ONPEIETICHHBIX TEXHOJOTHYECKHX HAarpy30K.

IIpeumymecTBeHHOE HATPY KEHHE

[Ipenmy1iecTBEeHHOE HAarpy)K€HHUE IMOAXOJIUT JJISi CUCTEM, B KOTOPBIX HCHOJIB3YETCS pereHepanus
TEeIUIa, TaK KaK YWIUIEp C pereHepanueil Teria MOXKeT OCTaBaThesl Oosiee TOJHO 3arpy:KEeHHbBIM, T.C.
MPOU3BOJA OOJbIIE TEIa, YeM MOXKET OBITh pereHepupoBaHo. lIpenMyIecTBEHHOE HarpyxeHue
MOJKET OBITh TaKKe YCIEIIHO HCIOJIF30BAHO IS YMIUIepa BBICOKOH 3¢ (EKTUBHOCTH, KOTOPBIM O
BO3MOKHOCTH JIOJDKEH OBbITh Haubojee TMOJHO HarpyKeH, WM IJs YWIIEPOB, HCHOJIb3YIOLIUX
aJIbTEPHATHBHBIC BHJBl JHEPTMH, OTIMYHBIE OT DICKTPOdHEprHu (HampumMep aOCOPOIMOHHBIMN
YHIJUIEp, WCTONB3YIOMIUN OTpaOOTaHHBIA Map HIEKTPOCTAHIMK WM YWUIEp, MOAKIIOYEHHBIH K
AJIEKTpOreHepaTopy). B mociemHeM ciydae cuUcTeMa MOJXKET BBINOJHATh HPEHMYIIECTBEHHOE
Harpy)kKeHHe 4Yujuiepa, paloTalollero Ha albTePHATUBHOM BHJE DHEPTrHU B CHUTYallMH, KOTJa
CTOMMOCTb JIEKTPOIHEPTUU BBICOKA.

IMapaJjutesilbHAsA KOMIIOHOBKA

Ecmm unnnep pa3beAMHEHHOW CHCTEMBI NepeMeliaeTcss Ha CTOPOHY pacnpeneneHus (0T JIHHHU
Oaiimaca), UCXOJsl U3 THIPABIMKA U TEMIIEPATyp CHCTEMBI IPH BKJIOYECHUH 3TOTO YHiuiepa OyaeT
UMETh MECTO €ro NpeuMyllecTBeHHoe HarpyxkeHue. Kak mokasano Ha pucynke 20, x umimiepy 1
BCerJa MopaeTcss OoJiee Temias BOJAa CHUCTEMbl M MOATOMY 3TOT YWUIEp 3arpykeH B OoJblIeit
cteneHu. Kak yxe ObuI0 1MOKa3aHO paHee, YMLIEPhI, PACHIOJIOKEHHBIC Ha MIPOU3BOAALICH CTOPOHE OT
OaitnmacHo¥ uHUK (drsuiepsl 2 1 3), OyIyT 3arpy>KeHbI Ha OJTMHAKOBBII MPOLICHT.
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Pucynox 20 Ilapannenvuasn cxema npeumyuecmeeHHo20 HaspyiHCeHus
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HenmocrarkoM Takoil KOMITIOHOBKM SIBIISIETCSI TO, YTO YWJIEPbI, pPa3MEHICHHBbIE Ha CTOPOHE
MIPOM3BOJICTBA OT JMHUMU Oaiinaca, OyayT Oosiee yacTo paboTaTh MPH YCIOBHUAX HU3KOW YaCTHUHOMN
Harpy3ku. Ynirepsl Gojiee cTapoll KOHCTPYKIUM MM OoJiee HOBBIC YMILIEPHI, NMEIOIINE BBICOKYIO
TOYKY IIUKJIMPOBAHHMS, MOT'YT HE MOJXOJUTh [Tl TAKOTO UCTIOIB30BAHHSI.

KoMnoHoBKa ¢ 00KOBBLIM 0TBOIOM
Ha pucynke 21 mnokazana mnpoctas MoauduKamus TpPagUIHMOHHOW pPa3beIMHEHHOW CXEMBI.
KomMrmioHoBKa ¢ OOKOBBIM OTBOJIOM OOECIIEUMBAET TO, YTO YHILIEP, MMOAKIIOYCHHBIN HA OTBOJE, OyaeT

nosiyyath Oojiee TEIUIyI0 BOAY Ha BXOJE M MOXET OBITh MOJHOCTBIO 3arpykeH BCAKHUN pa3 Npu
BKJIFOYEHUH YMWIUIEPHON YCTAHOBKH.
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Pucynox 21 Cxema npeumywecmeenno2o Hazpysicenus ¢ 00Kkosbim omeooom (nociedosamebHo-
napaiesbHas cxema)

i IIpoussoncTso

] - —

JInuns Oaitnaca

.l Pacnpenenenue

A

ti

suncl I:

()

- y
Unmnep 1
Uusiep, NOAKIIOYEHHBIA HA i
OOKOBOM OTBOJIE TIOJIy4aeT )
Hauboliee TETUTyI0 BOIY

LR

JlaHHasT KOMITIOHOBKA SIBJISIETCSI YHUKAJIBHOW, TMOCKOJBKY OHA HE TOJBKO MO3BOJISIET BBINOJHSITH
MPEUMYIIECTBEHHOE HArPY)KEHUE, HO TAKXKe JOMyCKaeT paboTy YCTPOUCTBA OXJIaXACHUS (IHUIepa,
TEIUIOOOMEHHUKAa W T.JI.), MOJKIIOYEHHOrO0 Ha OOKOBOM OTBOJE, MpPH JIIOOOM HM3MCHEHHH
TeMneparypbl. B Takoi cxeme BBINOJHAETCS MPEIBAPUTEIIEHOE OXJIAXKICHUE BOABI BO3PATa CUCTEMBI
JUTSL YMJIEPOB, Pa3MEIICHHBIX HIKE IO MOTOKY. DTO MO3BOJISIET CHU3UTh HAarpy3Ky Ha 3TH YWILIEPHI,
WX DHEPronoTpeOIeHHEe W YMEHBIIUTh CYMMAapHBIE SKCIUTyaTal[MOHHBIC 3aTpaThl BCEW YCTAaHOBKU
OXJIAKIECHHOM BOJBI.

Korna yCTpOﬁCTBﬁ OXJIKJACHUA Pa3MCUICHBI Ha pr60l'IpOBOI[e BO3BpdTa B KOHTYPC pacIpcacICHUs,
OHH HC OKa3bIBarOT BJIMAHHA Ha Tpe6OBaHI/I${ K pacxony. Onu IpOCTO YMCHBIIAIOT TEMIICPATYPY
BOJHI, BOSBpﬁHIﬁCMOﬁ B KOHTYp NpOU3BOJCTBA. XOTs 3TO MMPOTUBOPCUUT MPUHIUITY UCIIOJIb30BAHUA
BOJbI BO3BpaTa C caMOM BBICOKOM TeMHepaTypofl, HU3JIOKCHHOMY paHEC, 4YaCTO OJOTO SABJCTCA
OIITUMAJILHBIM CITOCOOOM AJIL TOJTYUCHUSA CBO6OI[HOFO OXJIAXKACHUA TPUMCHUTCIIbHO K PCTrCHCPAlIUA
TCIJIa WK JI1 CHYDKCHUS KallUTAJIbHBIX 3aTPaT Ha COOPYKCHUC O60pyI[OBaHI/IH AJB1 XpaHCHUA JibAa.

PaS’LeI[I/IHeHHI)Ie CXeMBI ¢ OOKOBBIM OTBOJOM O0OBIYHO SIBJITIOTCA HamboJee 3KOHOMHWYHBIMH, KOTAa
quuIep, paBMeHIeHHI:Iﬁ Ha OOKOBOM OTBOAC, UMECT MEHBIITHI TUIIOPA3MEpP, YEM YHUJUICPBI HA CTOPOHE

MNpou3BOACTBAa OT JIMHUH Oaiimaca. HOCKOJ’II)Ky Tpe6OBaHI/IH K HacoCHOH IMPOKAa4YKEC U
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SHEPTONOTPEOICHHE HMEHSIOTCA MNPH MOAMMDUKIAIMA CXEMbI, JJISI pacdyera SKOHOMHYECCKOIO
s¢pdexTa TOH M WM HWHOHW CXEMbI JIY4Ie HCIOJIb30BaTh KOMITBIOTEPHBIC MPOrPaMMbl aHAIK3a
3¢ HeKTUBHOCTH.

Hwmxe paccMOTpeHbl Tpu KOHQHUIYpallMU pPAa3MYHBIX CHUCTEM, KOTOpBIE IO3BOJISIIOT MOJYYHTh
MOJIOKUTEIBHBIN AP PEKT OT KOMIIOHOBKH C MOJKIIOYCHHEM Ha GOKOBOM OTBOJIE.

ITnacTuHYATHIN TENJI000MEeH HUK

TemnooOMeHHUK CBOOOAHOTO OXJaXIEHHUs [8] MOXKET HCMONIb30BaThCs JISI OXJIAKACHUS BOJBI
Tonbko 70 48°F [8.9°C] B TeueHMe OrpaHMYEHHBIX NEPHOAOB. UMIepsl, pa3MelIeHHbIC HIKE MO
MOTOKY, MOTYT OO€CHeuuTh JalbHeillee CHIKECHHE TeMIepaTypbl OXJAXICHHOW BOJBI, aeJiast
BO3MOJKHBIM OJIHOBPEMEHHOE CBOOOJHOE M MeXaHHuYeckoe oxnaxiaeHue. Jlannas koHrypauus
CHOCOOCTBYET YBEIMYEHHUIO YHCIAa YacoB, B TEUYEHHE KOTOPBIX MOXET HCIHOJIb30BaThCA
TerI000MeHHUK. [IoCKONIbKY €ro MpOW3BOAWUTENHFHOCTh HCIOJB3YETCS MPUMEHUTEIBHO K CcaMoi
TEIUION BOJIE CUCTEMbI, OH OKa3bIBACT OOJIBIIOE BIMSHUAE Ha pa0OTy TaKOH CHCTEMBI.

Pucynox 22 Ilnacmunuamoiti meniooOMeHHUK
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Perenepauus remJia

AHanoruvHas CUTyaluss HaOlFOJaeTcs W B TOM Cliydae, KOIJla YWIUIep C pereHepaiueil Teruia
pa3menieH Ha O0koBoM oTBoAe [5] (cM. pucyHok 22). DTOT 4ywiep MOXeT ObITh 000pYyI0BaH
KOHJICHCATOPOM pereHepaliy Teria Wik OH MOKET ObITh CTaHIapTHBIM YHIUIEPOM, 000PYI0BAHHBIM
OHUM KOHJICHCATOPOM U pPabOTAONMM B pEXHUME TEIUIOBOrO Hacoca. Uuiiep MOXET He
CIPaBISTHCS C TpeOOBAHHUEM OXJIAKIATh BOJY 10 TpeOyeMOi TemIepaTyphl mojadn cuctemsl. Ho B
JTaHHON KOH(HTypaIHu 3TO - HEBAKHO. BMECTO uniiepa MOKET HCIIOJIB30BaThCsl HarpeBatelb. Ero
OCHOBHOM 3ajauei OyeT Harpes, a OXJIakKAeHHE OyIeT BTOPUYHBIM MporeccoM. ITpoxoasimii moTok
BOJBI BO3BpaTa OyJICT BBIMOJNHATH POJb MCTOYHHKA TEIIa U YHIUIEpa C pereHeparueil Terna.
Yuwep OymeT TOJBKO OXITaKAAaTh BOMY, MPOXOAIIYI0O 4Yepe3 €ro HCIapuTelb B JOCTATOYHOM
CTENEeHH, YTOOBI TOKPHITH HArpy3Ky IO HAarpeBy. DTO HCKIIOYHT BO3HUKHOBEHHE MPOOJIEM C
peryJMpoBaHUEM TPU PEIICHUU BOMPOCa, KaKMM 00pa3oM "CHSATE" M30BITOK TEIUIa B KOHAECHCATOPE B
CHUTYalld¥, KOTJa Harpy3Kd OXJI&KACHHUS M HarpeBa 4YWiUiepa HE al0T TOYHOTO COBITAICHHS
TEIJIOBOTO OanaHca.

AOCOpOIMOHHBIH YNJLIIep

AOCOpOIMOHHBINM YMIIEp TaKKe MOKET OBITh pa3MelleH Ha OOKOBOM OTBOJE. DTO MO3BOJISIET
BBINOJIHATh HArpY)KEHHE AITOr0 4YMJUIepa BCAKWE pa3, KOrna BCIEICTBHE HM3MEHECHHUS CTOMMOCTH
AJIEKTPOIHEPTHH PabOTa 3TOr0 YWIUIEpa CTAHOBHTCS BBITOJHOM. Takas cxema TakXe IO3BOJSET
UCTIOJNIB30BaTh JJIsl 3TOTO YHMJUIepa BOAY ¢ Haubojee TEIUION TeMIepaTypod Ha BXOJE, YTO JeliaeT
peXHUM pabOThI ATOr0 a0COPOIMHHOTO YHIUIepa Hanbosee YPPEKTUBHBIM U TIO3BOJISIET MPOU3BOIUTH
00JIbIIIe OXJTAKICHHS.

PeryaupoBanue cucteMbl

'mOkoCcTh MPUMEHEHHsT CXeM C TMOJKIIOYCHHEM Ha OOKOBOM OTBOJIE OOYCJIOBJIEHA TEM, YTO
YCTPOMCTBA, MCIOJIb3yeMble JJIsl MPEBAPUTEIBHOTO OXJIAKIACHUS BOJIbI BO3Bpara, HE MPOU3BOIAT
OXJIAKICHHYIO BOIYy C TpeOyeMo#l TeMmIepaTypoil Mojaavd i CUCTEMBI. DTO O3HA4YaeT, 4YTO HX
Harpy>k€HUE MOKET BBINOJHATHCA C TMOMOULIBI0 Pa3IWYHBIX CUTHAJIOB. B ciydae miacTHHYATOTO
TEIUI00OMEHHHKA 3TO 03HAYAET, YTO €CTh CMBICI HCIOJIB30BaTh €ro 710 TeX Mop, MOKa Boja BO3BpaTa
OyzmeT oxnaxnaaTbca. Umiaep C pereHepanuell Temjia MOXKET HarpyKaThCsl sl TPOW3BOJCTBA
OTIPEJICJICHHOTO KOJIMYECTBA ropsiued BoJbpl. B KauecTBe curHanga peryJMpoBaHUS B ATOM clydae
MOXET HUCIOJIb30BaThCsl TEMIIEpaTypa BOJbl HAa BBIXOJE KOHAEHcaropa. Eciu mpeumyliliecTBEHHOE
Harpy)XeHHE HCTOJb3yeTcs A1 aOCOpOLMOHHOTO YHIIepa, OH MOKET HarpyKaTbCs MPOCTO TPH
CHIKEHUU TEMIIEpaTyphl BOJIbI Ha BBIXO/IE.
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Hcnosib30BaHHNe YHJUIEPOB Pa3JIHYHOI0 THOPa3Mepa

Muorre pa3paboOTYMKH CUYUTAIOT, YTO "MO YMOJYAHHIO' B YCTAHOBKE OXJIAKICHHOW BOIBI
HCTIONIB3YIOTCS YHILIEPBI paBHOTO TUMopasmepa [2,3]. Beibop TunopasMepa 4uuiepoB B 3aBHCUMOCTH
OT HAarpy3KM CHCTEMBI TPHHOCHUT OMpEEJCHHBIC BBHIFOJBI. B 00IIeM ciiyuae, €ciM K Harpyske
MOJKIIIOYACTCSl  ONPEJCNICHHbI  YWIUIEpP, OJHOBPEMEHHO BKIFOYACTCSI M BCIIOMOTATEIbHOE
o0opynoBaHHe 3TOro 4Ymuiepa. YeM MeHbIIE THIOpPa3Mep CaMoOro 4Yuuiepa, TeM MEHbIIEe |
TUIOpa3Mep ero BCIIOMOTaTeNIbHOTO 00opynoBanus. C npyroit cTopoHbl, HEOOXOIUMO 0OECIICYUTH
3G PeKTUBHOE HATPY)KEHHUE YHIEPOB. BO MHOTHX CIIydasX 3TH MOXET ObITh 00€CIeueHO IyTeM
HCTIONIB30BAaHMS YHJUIEPOB, KOTOPhIE HE HMEIOT OJWHAKOBOW MPOU3BOJMTEILHOCTH. PaccMoTpum
cuctemy 60/40 (oxun ymwiep Ha 60 MPOLICHTOB MPOU3BOAUTEILHOCTH CUCTEMBI, a Apyroi Ha 40) uiu
cucremy 1/3 - 2/3 (ogun ummiep Ha 1/3 mpoW3BOIUTENHHOCTH CHCTEMBI, a Ipyroi Ha 2/3).
[TpeuMyIecTBOM TakO# CHCTEMBI SIBISIETCS TO, YTO MPOU3BOAUTEIBHOCTH YHILIEpAa MOXKET 0oJjiee
TOYHO  COOTBETCTBOBATH  HArpy3ke  CHCTEMbI, YTO  [O3BOJISICT  IOBBICHTH  OOIIYIO
3HEeprodH(HEKTUBHOCTH CUCTEMBI.

HOCJIeZ[OBaTeJIBHO'HPOTI/IBOTO‘IHaﬂ cxemMa

[Tpumepom emie ogHON KOHQHUrypaluu, KOTOpas MOXET ObITh OueHb I((EKTHUBHOM, SBISIETCS
paccMOTpeHHasl paHee IIOociieoBaTeNbHAs KOH(Urypamus, KoTopas, OIHAKO, HE IpPHUMEHSeTCS
OJHOBPEMEHHO K OXJIaXJCHHOW BoJAe M BoAe KoHIeHcatopa. Ha pucynke 23 mokaszaHa Takas
KOH(UTyparus.

OOparuTe BHMMaHHE Ha TO, YTO MAIIMHA, pPa3MEIICHHAs HIDKE 10 TMOTOKY, HPOM3BOIAUT
oxJMaxaeHHyro Boay ¢ Temmeparypoii 40°F [4.4°C], a BkIIOYEeHHAs BBIIIE MAalllMHA MPOU3BOIUT
oxJaxaeHHyro Boay ¢ Temmeparypoit 50°F [10°C]. MarmumHa, pa3MelieHHas HIKE 10 MOTOKY,
noJiydaeT BOAy KoHIeHcatopa ¢ Temmeparypoir 85°F [29.4°C|, a BkiItoueHHas BbIIIC MaIlldHA
noJiydaeT BOAy KoujaeHcartopa ¢ Temmepatypoii 95°F [35°C]. [loatoMy Ha CTOpOHE OXJIaKIACHHON
BOIbI TpeOyeMblii pacxon coctaBiseT 1.2 (ran/mMuH)/TOHHY, a Ha CTOPOHE BOJBI KOHICHCATOpa
TpeOyemblii pacxon coctaBisier 1.5 (ran/mMuH)/TOHHY, YTO MMO3BOJSIET CYIIECTBEHHO COKPATHTh
pacxo/ibl Ha paboTy HACOCOB.

[MTocnenoBaTenbHO-MIPOTUBOTOYHAST KOH(PHUTYPAIUsT MOXKET XOpOIIO pabdoTaTh Il BCEX THUIIOB
yriuiepoB. Ha pucyHke 23 mokas3aHbl CABOCHHBIC YHIUICPHI. BOJBIION OMMHOYHBIA YHILIEP MOXKET
OBITh CKOH(UTYpUPOBaH, KaK CIBOCHHAs MamiuHa. KOHTYpBI HUPKYISIHAK BOJBI HCHAPUTEIS |
KOHJICHCATOpa SIBJIAIOTCS OONMMHU Ui OOCUX IOJOBHHOK CIBOCHHOM MAIIMHBI. Y BEJIUYCHHE
(G PEeKTUBHOCTH OOYCIIOBJICHO pa3/ieiicHHEeM KOHTYPOB KOMIIPECCOPOB M XJajareHTa. Takum
o0pa3oM, Kakaas TMOJOBHHA HCIONB3YeTCs B KayeCTBE pe3epBa, IMOBBINIAs HAIE)KHOCTh BCEH
CUCTEMBI.

B takoii koH}uUTrypalmu nepenaabl TeMIeparyp Ha KaJIOM U3 YHJUICPOB paBHBI (CM. pUCYHOK 23a).
[loTokn oOXJaXAeHHONW BOABI M BOAbI KOHJEHCATOpAa HANpPAaBICHbl B IPOTHBOIIOJIOKHBIX
HafpaBJIeHUIX. DTO U AaJI0 Ha3BaHWE KOH(QUTypaIMy - "MOCIeI0BaTeIbHO-IPOTUBOTOUHAS
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Pucynok 23 Ilocrnedosamenvbro-npomusomounas KoHpuaypayus

Uusiep, pa3sMeEILEHHbIH BhIIIE 10 TOTOKY.  Yniuiep, pa3MEIeHHbIH HIDKE 110 IIOTOKY.

I\ I { —u_ 35 °F 1284 )
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Pucynok 23a  Konyenyus pasnozo memnepamypHo2o nepenaoa
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Pabora npu napameTrpax, BBIXOASIIKX 32 IMANA30H IPAHNYHBIX 3HAYCHUH YH/IIIepa

HpOCKTI/IpOBHII/IKI/I MOTYT 3axO0T€Tb HCHOJB30BaThb YWICPBI JUII OXJIAXKICHUA IIPU TaKHUX
Tpe6OBaHI/IHX K pacxogaM WM TEMIICpaTypaM, KOTOPBIC JICKAT BHC JHAIIA30HA JOIIYCTHMBIX
3Ha4YCHMH IJsl KOHKPETHOI'0  4YWJUICpaA (I[ame cClii 4YUIJICp HUMCCT HYKHOC 3HAYCHHUC
HpOI/ISBOI[I/ITeJ'II)HOCTI/I). PaCCMOTpI/IM ABa TMPHUMCpa, HWIUIIOCTPUPYIOIIUX KOHCTPYKHOHUIO CHUCTEM,
KOTOPBIC MOTYT YAOBOJICTBOPATH ITOCTABJICHHBIM Tpe6OBaHI/IHM.

Pacxoa HaxoauTcs BHe AOIIYCTUMOI'0 IMamna3oHa

TeXHOIOrMYEeCKHIA TPOIIECC M3TOTOBJICHHS TTACTMACCOBBIX MmmnpuiieB TpeOyeT 80 ran/muH [5.1 n/cek]
Boabl ¢ Temmepatypoii 50°F [10 °C]. Boma BosBpamaetcsi ¢ Ttemmeparypoir 60°F [15.6 °C].
BoiOpaHHbIii Yniiep MOXKET paboTaTh MPU TAKHX TEMIEpaTypax, HO MMEeT MHUHHMAIbHBIA Pacxo[
120 ran/mun [7.6 n/cex]. [ns Takoro mporecca MOXKET HCIOJB30BaThCS CXeMa, MOKa3aHHas Ha
pucynke 24. OtneneHue YniUiepa OT HArpy3KH TEXHOJOTHYECKOTO MPOIECCca MO3BOSIET U3MEHHUTh
pacxoj BOJbI, oOecreunBas MOMICPKAaHUE PAacXoa Yepe3 YWuiep B JOMYCTUMBIX mpeaenax. Jlis
CHCTEMbI C OJMHOYHBIM YHJUICPOM TaKOW ke S(PQEKT MoaydaeTcs NPH HCIOJIB30BAHUU OJJHOTO
Hacoca U TPEXXOJ0BOTO KJIaraHa.

Pucynox 24 Benuuyuna pacxooa 6bixooum 3a OUana3oH epanuyHblx 3HaueHull 011 0AHHO20 MUnd

000py006aHUsL
S0°F [10E]
B F [107E o ’ p!
[ ! ] .] 80 ran/mun [5.1 n/cex] "-,I
120 ran/mun [7.6 n/cek]  facoc ¢ HOCTOSHHBIM
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Oafimaca  "nNEF IO
I 40 ran/mun [2.3 n/cek]
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Hacoc ¢ nocTossHHBIM pacxonoM
120 ran/muH [7.6 n/cek]
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Temmneparypa BbIXOIUT 30 JOIYCTUMBIN JHANIA30H

Jns maboparopun tpedyetcst 120 ran/mun [7.6 ni/cex] Boapl ¢ Temnepatypoit Ha Bxoae 85°F [29.4
°C]. Bona Bo3Bparaercst u3 jiaboparopun ¢ Temmneparypoir 95°F [35 °C]. TpeOyemas TOYHOCTB
NOJIep)KaHusl TEMIIEPATyPhl NPEBBIIIACT TOYHOCTh, KOTOpas MOXKET OBITh OOecIlieueHa rpaJupHEH.
BbiOpaHHbBII 4YWIep HWMEET HYXHYIO I[POW3BOAMTEIFHOCTh, HO MAaKCHMallbHasi JOIyCTUMAst
TEMIIEpaTypa OXJIaXISHHOW BOJBI Ha BbIX0 e i Hero coctaBisier 60°F [15.6 °C].

Hcnonp3oBanue mapbl OalimacHbIX TPyOONMpPOBOAOB TIO3BOJIAET IOAAaBaTh K Harpyske depes
CMECHUTEJIbHBIN KJTalaH BOAY ¢ TpeOyeMol TemIiepaTypoi M MoAJep KUBAaTh pacXol U TeMIeparypy
BOJIbI Ha YHMJUIEpE B JOMYCTUMBIX IpaHuiax. [Ipumep Takoii cxeMsl mokasaH Ha pucyHke 25. Ha stoit
CXeMe pacxoipl 4epe3 YWUIep U Ha Harpy3Ke paBHBI, XOTS 3TO U HE ABISETCA 00sS3aTeNbHBIM
TpeboBanueMm. Hampumep, ecnm Obl umiiep uMen Oosnee BBICOKMH pacxoji, OoJblie BOJIbI
HaMpaBISJIOCh Yyepes Oaiilac U CMEINBaIOCh ¢ TEIUION BOIOH BO3Bpara.

Pucynox 25  Temnepamypa 6vixooum 3a Ouanazou epaHudHbIX 3Ha4eHull 0jisi OQHHO20 MUnda

000py006aHUsL
ne=-C Moo e
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FIE 16 B 35 ran/muH [2.2 n/cek] e —
120 ran/mun [ 7.6 n/cek| - -J:‘ R \"'.,
e s s CmecutenbHblit - Hacoc ¢ mocToss HHBIM ,"III l.II
| BO°F N5.6°C] knanaH pacxozom \
I b [ 85 S e ' Harpyska
.7 ran/mMuH :
: \ (5.4 nfcex] JGT;[;TV;; BB ypm b4 lpx] |
F S 85 ran/mun [5.4 n/cex] !
Yunep 120 ran/mun [7.6 n/cek] Y I.'I
— s
a5°F 350" 0ok [2501" -
120 ran/mun [7.6 n/cex] 35 ran/mun [2.2 n/cex] 120 ran/mun [7.6 ni/cex]

Hacoc ¢ mocrostHHBIM
pacxoom

HpHMep CXEMBI, B KOTOpOﬁ Tpe6OBaHI/I$I K TOYHOCTHU NOAACPIKAHUA TCMIICPATYPbL Ooutee BBICOKHUC,
4YCM O3TO MOT'YT 00ecreYnTh PEryjATOPhI YUJLICPA, IIOKA3daH Ha PUCYHKC 26.

Hanpumep, ecnu BKiIroueH ymjuiep 2, HEOOXOIMMO OTIpeIeIeHHOE BpeMsi, YTOOBI TeMIepaTypa BOAbI
Ha 1oJ1a4ye JI0CTUIVIA 33JaHHOTO 3HA4Y€HHUs yCTaBKU. CHeMaIbHbIA PEryIupyONUil KIanaH OCTaeTcs
3aKkpbIThIM  (Boma Oaifracupyercs)) 0 TeX TOp, MOoKa YWiiep 2 He JOCTHIHET 3HAYeHHs CBOCH
YCTaBKU. DTO IMO3BOJIIET MOAJEPKUBATH TEMIIEPATYpy IOJABAEMOI BOJABI C 33JaHHON TOYHOCTHIO.
Korna ynnnep 2 nocTUrHET CBOETO 3HaUEHHS YCTaBKH, OTKPHIBACTCS PETYIUPYIOLINH KilamnaH.

Takas cxema  TpeOyeT  WCIOJIb30BaHUS ~ HECKOJBKO  HMHOW  JIOTHKH  PETYJMPOBAHUS
MOCJIEZIOBATEIBHOCTH PA00THI YHIIJICPOB, YEM JIOTUKA PETYJTUPOBAHUS, HCTIOJIb3yeMasi B CTaH/1ap THBIX
pa3zeneHHbIX cucTeMax. Boga He moipkHa momagath Mo Oaimacy co CTOPOHBI BO3BpaTa Ha CTOPOHY
MoJIa4yM, TaK KaK 3TO MPHUBEACT K BBIXOJY TEMIEpaTyphl BOJBI HA MOJAYE 3a JOMYCTUMbBIC TPAHHUIIBI
TOYHOCTH. PerymsaTopbl CHCTEMBI JOJDKHBI BKJIIOYUTH YWILIEP JO TOTrO, KaKk OyJeT UMETh MECTO
"nepunut" pacxona.
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Pucynok 26 Ilpeyusuonnoe pecyruposanue memnepamypol - CUCEMA, COCMOAWAS U3 HECKOTbKUX
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CnopHble BONPOCHI NPH MPOEKTUPOBAHUH CUCTEM OXJIAKIEHHOM BOABI

Cunapom manoro 3Hauenusi AT

B Teuenue psaa mocienHUX JIET aKTHBHO oOcykaaecs Bompoc “cuuapoma Huskoi AT". IIpobGrema
3aKJII0YaeTCsl B TOM, YTO B OOJBLIMX CUCTEMax TeMIlepaTypa BOJAbI Ha BO3BpATe CIMIIKOM HH3Kas U
MO3TOMY YHJUIEPHI HE MOTYT OBITh MOJHOCTBIO 3arpyeHbl. MHOTHE OnepaTopsl MPOCTO BKIIOYAIOT
Oonplliee YHCIO YWJJIEPOB, 4YTOOBI BBINOJHUTH TpeboBaHMA MO pacxoxy. HekoTtopble
MPOCKTHPOBIIUKN HCIOJB3YIOT OOpaTHBIA KiIamaH Ha JWHUM Oaifmaca, YTO MPHUBOAUT K
MOCJIEIOBATENIBHOM CXeM€E BKJIFOUEHHsI HACOCOB IIEPBOT0 M BTOPOr0 KOHTYPOB U M3MEHEHHIO pacxoja
yepe3 UCMapUTean YWuiepoB. Jlpyrue NMpoeKTHUPOBIIMKHU HCIOJIB3YIOT B MEPBOM KOHTYPE HACOCHI
0o0JblIel MPON3BOAUTENBLHOCTH, YeM 3TO HEOOXOAWMO, U "Tepe3akaurBalOT YWUIEPH B YCIOBHUAX
YaCTUYHOM Harpy3ku. Bce 3TH pemieHHs SBISIOTCS "OOXOAHBIMH' W HE 3aTparMBaroT CamMoro
HCTOYHUKA TPOOIIEMBI.

B pa6orte Koxna [2] yka3piBaeTcs Ha TOT (paKT, 4TO MPABUIBHO SKCILIyaTUpyeMasi THApaBIMYCCKast
cuctema Oyner paboTaThb Ha MPOEKTHBIX MapamMeTpax, W MOSACHIETCS OUIMOOYHOCTH MOIXOJIOB
UCTIONIB30BaHMsl OOpaTHOro KiamaHa W 'mepe3akauku”. Toainmop [5] pexomenyeT psii omeparmi,
KOTOpBIE MO3BOJAT UCKITIOYUTH BO3HUKHOBEHHE MpoOsieM. OHH BKIIIOYAIOT B ceOsl:

¢ UCKJIFIOYCHUE TPEXXOJOBBIX KJIAIlaHOB
* oOecneueHue OTCYTCTBUA HpO6J'IeM C PCTryJIMPOBAHUCM Ha BOSHymHOﬁ CTOPOHC

* IPAaBUJILHOE TEXHUUYECKOE OOCITY)KUBAHUSI CUCTEMBI, BKITIOYAIOIIEE PETYISIPHYIO 3aMEHY
(UIBTPOB OYKMCTKH BO3MyXa, OYUCTKY TEIUNIOOOMEHHHKOB, KaJIMOPOBKY PETYISITOPOB U
IIPaBUJIBHOE 33JJaHUE YCTABOK.

[Tepen Tem Kak UCHOJIB30BaTh "00XOHBIE" TOIXOBI ISl PEIICHHS OTIPECIICHHBIX MpolieM (Takux,
kak "cuHapoMm Hu3koi AT"), mpoBepbTe, 4TO OOECleUeH HOPMAaIBHBIH PEXHM 3KCIUTyaTallud U
UCTIONIB30BaHbl BCE OTEpallK, peKOMeHIoBaHHble Tritmopom [5]. Kpome Toro, B cucrtemax,
HCIIOJIb3YIOIINX JBYXXO/AOBBIE KIIANAHbl, MPOCTOE CHIXKEHHE TeMIEepaTypbl MOJA4YM OXJIAXKIECHHOU
BOJIbI OyJeT UMeTh 2(p(HeKT yBeIHMUeHHUsT TeMIepaTyphl BOJbI BO3BPATa CUCTEMBI.

OOpaTHBIi KJIaNIaH HA JIMHUHU Oalinaca

UroObl HCKTIOYUTH BO3MOXHBIM "mepumur” pacxoga B JMHUM  Oaifmaca, HEKOTOpBIE
MPOEKTHPOBIIUKH PEKOMEHAYIOT CMOHTHPOBATh OOpaTHBIN KJIalmaH Ha JMHUU Oaiinaca pa3iaeaeHHbIX
(mepBUYHO-BTOPUYHBIX) CHCTEM. Takoll OOpaTHBIM KJamaH T[O3BOJISET TPH BO3HUKHOBCHUH
npoOyiembl B cucteMe (Manblii auddepeHnuan Temneparyp) BKII0UYaTh HACOCHI MIEPBOIO U BTOPOTO
KOHTYPOB TOCJIE€0BATEJIFHO U MPOKAYUBATh OOJIbIIE BOJBI Yepe3 YMILIED, BHIMOIHAS TpeOOBaHUS IO
MO ACeP)KaHUI0 TpeOyeMbIX PacXoJ0B B MEPBOM M BTOPOM KOHTypax. Takoe pelieHHe He sBISEeTCS
yHuBepcaibHbIM. Kon [2] yka3biBaer:

"Ecnu cucremMa 3arpoeKTHpPOBaHa KaK CUCTEMa ¢ IEPEMEHHBIM pacXoioM U B HEW UMEIOT
MECTO OKCIUTyaTallMOHHBIE MPOOJIEMbI, CBS3aHHBIE C HHU3KHUMHU TeMIlepaTypamH Ha

SYS-APMOO01-EN 76

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

BO3BpaTe, pEIICHHWE ATHX NPOOJIEM MJOJDKHO BBIMIOJNHATHCS HE Ha YCTAaHOBKE, a Ha
Harpyske."

u

" IlpennaraeTcs pelieHHEe CMOHTHPOBATH OOpaTHBIM KilamaH B oOuieM TpyOompoBoje
YCTAaHOBKH WMJIM B KOHTYpE JIMHMU pa3dbequHeHus ... OJHako, Ha caMoM Jeje, Bce, 4TOo
MOXET cJenaTb oOpaTHBIM KiamaH, 3TO - oOecrmedeHue TOoro, 4YyTo BoJa He Oyxaer
OaiimacupoBaTh YWIJIEPHI, YTO, B CBOIO OYepellb, MPUBOAUT K YBEIHMUYCHHIO pacxoia B
yiuiepe. TakuM 00pa3oM MpH MOHTaKe OOpaTHOro KJamaHa JOJDKEH HCIOJb30BATHCS
WU aJITOPUTM 3aMeJJICHUs] paboThl Hacoca(OB) CUCTEMBI B TEX CUTYalUsIX, KOTIa PacXOJ
Ha YWJUIepe BO3PACTAaeT BHIIIE MaKCHMAJIbHOTO MPOEKTHOTO 3HAYECHUS, WM BKIFOUCHUS
JONOJHUTENBHBIX YIUIEpOB. TakuM 00pa3oM UCIMOJIb30BaHME AJISI PEIICHHs MPOOIeMbl
00paTHOTO KJIamaHa CO3JaeT JOMOJHUTEIbHbIE MPOOIeMbl U MHOTHE MPOCKTHUPOBIIUKH
YyBCTBYIOT ce0s OYeHb IUCKOM(OPTHO, BKJIOUAs HACOCHI IIOCIEIOBATEIbHO U HE
MOHUMasl IPEUMYIIECTB TAKOTO peIICHHs "

JlaHHOE pyKOBOJICTBO HE PEKOMEH/IyEeT UCTIOIB30BaHHE OOpATHBIX KJIANIAaHOB Ha JTMHHUY Oaifmaca.

YcTpaneHue 0TKa30B

[Tpu Bcem MHOTO0Opa3HK UCTIOIB3YEMBIX MOAXO00B, UMEIOIIUXCS B PACTIOPSKEHUN MOTECHIIMATBHBIX
3aKa34MKOB, HHOTJA KaXeTCs, 4YTO TepsAeTcsl OCHOBHasd wuaes. Jloau MOKynaoT yCTaHOBKU
OXJIaXJICHHOM BObI, YTOOBI HAZEKHO MPOU3BOAUTH OXJIAXKICHHYIO BoAy. [loaToMy, Korjaa ycTaHOBKa
HaXOJIUTCA B paboTe, JOKHBI OBITh MPETyCMOTPEHBI CPECTBA ISl YCTPAHEHHUS! OTKA30B, CBA3aHHBIX
c paboToil Hacoca OXJIaKAEHHOW WM KOHJEHCATOPHON BOJIbI, I'paJMpHU Wiu ywulepa. Jloruka
YCTpaHEHHUs] OTKAa30B JOJDKHA OBITh HMHTETPUPOBAaHA B CHCTEMY pEryJMpOBaHHS YCTAHOBKHU IO
MIPOM3BOJICTBY OXJIAKICHHOW BoAbl. PaccMoTpuMm pucyHok 27. Ecnu noruka mociefoBaTelbHOCTH
(mporpamma) peryiaMpoBaHMS TBITACTCS 3alyCTUTh 4YWUIEp 2 M €ro Hacoc, HO HMEKTCA
HEUCNIPAaBHOCTU B  DJJIGKTPUYECKOW 4YacTW HAcoca, MporpaMma JOJDKHA —He3aMeUIMTEIIbHO
3a0JI0KUpOBaTh ymLIep 2 U ero Hacoc. [locie 3Toro cucremMa peryaupoBaHUs JOJDKHA MOMBITATHCS
3amycTuTh yniuiep 3 u ero Hacoc. OIHOBPEMEHHO CHCTEMa PEryIMpOBaHHs JOJDKHA HAllpaBHTh
oIepaTopy CUCTEMBI IIpeTynpexiatoliee coodlieHne o0 oTkase B Hacoce.
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Pucynok 27 Yempanenue omkazos

Yumnep 1 - B pabote

T

JIvHuA Gaiiriaca I

Bosspar ; [Tomaua

A.]'II)TepHaTI/IBHbIe HCTOYHUKH JHECPIrumn

BOHpOC PE3CPBUPOBAHNA UCTOYHUKA DHCPIUU NPUBJICKACT K cebe Bce 00JbIlle BHUMAHMS B CBSA3H C
BapbUpPOBAHUCM ICH Ha OJ3JICKTPOOHCPIHIO MU HCECOTTIACOBAHHOCTBIO HeﬁCTBHﬁ 3HepFOKOMHaHHﬁ
BHYTPH CTPAHLI. I[J'ISI PeIICHM 3TOIr0 BOIIPOCA UCIIOJIB3YIOTCS ABAa OCHOBHBIX ITOAX04A.

* OOecrieueHHE aTbTEPHATUBHOTO MCTOYHHMKA SIEKTPOIHEPTUH U1 OOCITyKUBaHHS
CHCTEMBI B Ciydae OOILETO OTKa3a CETH NIEKTPOIMTAHMS WM HEMpPUEMIIEMO BBICOKOM
CTOMMOCTH DJICKTPOIHEPTHHU (BO BPEMsi THEBHBIX ITUKOBBIX HATPY30K).
* OOecrieueHue AIbTCPHATUBHOI'O HCTOYHHKA II0 IPOU3BOACTBY OXJIEI)KI[CHHOﬁ BO/JbI,
BO3MOXHO, HCIOJB3YIOIIET0 Tpu paboTe MPHUPOAHBIA Ta3 WA JAPYroid THM
OPraHHU4YCCKOI0 TOINIMBA, WX OAXKE HCIIOJIB30BAHUC I[eHIeBOﬁ QJICKTPOOHEPIUU B
Ka4CeCTBC AJIbTCPHATHUBHOI'O UICTOYHUKA DOHCPIrHUH.
IIpou3BoACTBO YJIEKTPOIHEPIrUH
DJIEKTPOTCHEPHUPYIOIIUE MOIIHOCTH MOTYT IMOJOHPATHCS WM ISl OOCCIICYCHHS AJICKTPOITHTAHUS
Bcel YCTAaHOBKHU WJIM JIA aBapHﬁHOFO QJICKTPOIIUTAHUA . YroObl HCKIIOYHTH BHYTPCHHIOIO
KalluTaJIU3aluIo0, 3JICKTPOrCHCPUP YIOIUEC HCTOYHHUKHU MOT'YT OBITE Pa3HCCCHEI.

AHLTepHaTHBHLIe BH/bI TOILIUBA

HexoTopple MPOEKTHUPOBIIUKK MPEATNOYUTAIOT MCIOJB30BaTh YWUIEPH, padoTaromue Ha
opranmyeckoM Torutuse. [IpuMepaMu 3Toro SBISIOTCS aOCOPOIMOHHBIE YMILIIEPHI, paboTaromue Ha
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rase, WM UCIOJIb3YIOIINE T1ap WA TOPSYYIO BOAY. Y CTAHOBKH, 00OPYIOBaHHBIC YHJUICPAMH TaKOTO
TUna ¥ Ooyiee MOAPOOHO paccMOTpeHble B padore [4], MO3BOJIAIOT COOCTBEHHUKY O0OpPYIOBAHHUS
MCIIOJIb30BaTh MMPEUMYIIIECTBA MIOCTOSHHO 0KHUAAEMON TapU(PHUKALIUMHA CTOMMOCTH TOTLIHBA.

TepMuueckoe xpaHeHue

JIpyruM METOJIOM YCIEIIHOTO TMPUMEHEHUS AIbTCPHATUBHBIX HCTOYHUKOB SHEPTHH SBJISCTCS
TepMUYeCKOe XpaHeHHe. UWiiepbl MPOU3BOIAT JISJ MM OXJIAKICHHYIO BOAY B HEPHOIBI HH3KOH
CTOMMOCTH DJICKTPOIHEPIHH. DTOT Jien (SHeprusi) HakaIuTMBaeTcs B 0aKax, a 3aTeM HUCIIOJIb3YeTC s IS
MOKPBITUSI HArpy3KH OXJQKICHUS B TEPHOIbI BBICOKOHW CTOMMOCTH 3JICKTpOdHEepruu. boiee
O JPOOHO BOTIPOCHI TEPMHUUESCKOTO XPaHEHHs PaCCMOTPEHBI B padoTax [6,7,8,9].

HenpenBuaennbie 00bCTOATEILCTBA

B nomnonHeHune Kk cTparerud yCTpaHEHHS OTKA30B MOKHO MOPEKOMEHA0BATh MPOEKTHUPOBIIMKAM
XOJIOJWIBHBIX YCTAaHOBOK pPa3padOTKy COBMECTHO C COOCTBEHHHKOM 3/IaHHWs IUIaHA JEHCTBUH B
Cly4ae aBapuUUHOTO OCTaHOBAa WM KpPYHMHOM moJOMKHA. YacTo TakWe CHUTyallud SBISIOTCS
KPUTHUYHBIMH JUII TEXHOJIOTUYECKOTO OXJaKICHMs. TakoW TIjIaH MOMKET BKJIHOYATh padoTy ¢
MOCTABIIUKAMU IO OMPEACICHUIO KPATKOCPOYHOTO JIM3WHTa OOOpymoBaHus. Eciaum aM3uHT
000pyTOBaHUsI KOMOMHHUPYETCSI C MCIOIb30BAaHUEM TPYOHBIX OTBOJIOB, MPEAYMOTPEHHBIX B CUCTEME
OXJIAKICHHON BOJIBI U 00CCTICUMBAIOIIMX OBICTPOE MOJKIIOYCHHE B3STOTO B JIM3MHT 00OPYIOBaHU,
paboTOCTIOCOOHOCTh YCTAHOBKM MOXKET OBITh BOCCTAaHOBJIEHA B TEUYEHHE KOPOTKOIO IEepHOAa
BPEMEHH.

Ilnan peiicTBuUii B HEeNMpEeABUICHHDBIX 00CTOATEILCTBAX NPUMEHUTECJIBHO K CUCTEMaAM
OXJIAKACHUSA

B mHactosimee Bpemst MHorue (UpMBI pa3pabaTHIBAIOT IUIAHBI JICHCTBUI B HENpEIBUACHHBIX
00CTOSITENIECTBAX Ul KPUTHYHBIX cdep cBoero OusHeca. HekoTopble paccMaTpuBaIOT cilydau
NPUPOJTHBIX KaTaKIM3MOB, PYrHe - OTKIFOYCHHUE MOIIHOCTEH B KPUTUYHBIX 30HaX. OHAKO COBCEM
HEMHOTHE JCHUCTBUTEIBHO HAXOIAT BpPeMs, YTOOBI MPOJIyMaTh, YTO OyIeT O3Ha4yaTh i O0BEeKTa
OTCYTCTBUE OXJIXKJICHUS. UTO MPOM30MIET, eCIH IMOJHOCTBI0 OTKAKET CUCTEMA OXJIKACHMS WU
BHE3aITHO PEe3KO HM3MEHSATCsS MOrojHble ycioBus? Kakum oOpazom 310 moBimser Ha OusHec? C
KakuMH ()UHAHCOBBIMH PUCKAMH COTIPSDKEHO OTCYTCTBUE OXJIAXKICHUS.

[InanupoBanue AeHCTBUH B HEMPEIBUACHHBIX OOCTOSTENHCTBAX MPUMEHHTEIBHO K CHUCTEMaM
OXJIQXJICHHUS BBIIOJHAETCS C LENbI0 MUHUMHM3UPOBATh T€ MOTEPU MPEANPUSTHS, KOTOPbIE MOTYT
MMETh MECTO B CJIy4ae MOJHOTO MM YaCTUYHO OTKa3a CUCTEMBI OXJIaxkIeHHs. Takoil miaH mo3Bosser
COOCTBEHHHKAM 37JaHUN JielicTBOBaTh OoJiee ONMEpPAaTUBHO B KPUTUYHOM CHTyallud M 3apaHee
MOJTOTOBUTHCA K IIPUEMY BPEMEHHOT0 000pya0BaHUs. XOTA PAI MPEINPUITHIA TOTOBUTCA K TaKUM
COOBITHSIM TOCJIE 3aBEPIIEHHs HTala COOPYXKEHUsI, UMEHHO 3Tall COOPYKEHHUsSI MO3BOJIIET MPOCTO U
0e3 OoJIBIIMX 3aTpaT MOATOTOBUTH OOBEKT K TaKMM COOBITUSIM. JIOTMYHO, UMEHHO B 3TO BpeM,
NPEaYCMOTPETh OTBOABI JUIA MOJKIIOUEHHS BOJABI U 3JEKTPOMUTAHUS. DTO MOMOTAET COKPATHTh
pacxoapl M CHIDKAeT HEOOXOJMMOCTh OCTaHOBA CYLIECTBYIOIIETO OOOpPYIOBAHUS Ui BBINOJHEHUS
HEOOXOIUMBIX MOJTOTOBUTEIBHBIX ONEpPAIUH.
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HJ'IaHI/IpOBaHI/Ie HeﬁCTBHﬁ B HCHOPCABUACHHBIX 00CTOSITEILCTBAX MNPUMCHUTCIIBHO K CHUCTECMaM
OXJIAXKACHUA - 9TO MPOUCCC MOATOTOBKU K OTCYTCTBHUIO OXJIAXKACHHA, BBITIOJIHSIEMBIN B HeaBapHﬁHOﬁ
CUTyaluu. OTO TO3BOJIAET HeﬁCTBOBaTB B KpHTH‘IHOfI CUTyallul Pa3yMHO W HC MMOAAABATHCA IMAHUKE.
Huxe PaCCMOTPCHDBI O6HII/IC TeMBI Takoro IuraHa. OHU MOSCHSIOT CMBICJI, BKJ'IaI[I:IBaeMI:Iﬁ B IIponecc
IJIaHUPOBAHUA. Cam nmponecc IUIaHUPOBaHUA HeﬁCTBHﬁ B HCIPCABUIACHHBIX 00CTOsATENBCTAX
ABJBICTCA OYCHb CHCLII/I(l)I/I‘IHI)IM M 3aBUCHUT OT KOHKpCTHOfI CUTyalllH.

Munumanvnas mpedyemas npou3zgo0umenbHOCmb.

JInst Havyanma BayKHO OIpPENeNUTh, Kakas MHUHUMAabHAs MPOU3BOAUTEIBHOCTh TpedyeTcsi. Bo3aMoxHO,
YTO B aBapUHHOW CUTYallMU I CHUCTEM, COCTOSIIMX M3 HECKOIBbKHX YHJUIEPOB, pa3yMHO OyneT
MUMETh MEHBUIYIO MPOU3BOIUTENBHOCTh. Hamprmep, HOMUHANBHAS TIPOU3BOIUTEILHOCTD YHIICPHON
ycranoBku coctaBisier 1800 Tonn [6330 kBT1|, HO MuUHMMabHAs TpeOyeMas MPOU3BOIUTEIHBHOCTh
MOXeT cocTaBisiTh ToJbko 1200 TonH [4220 kBrt]. BakHO Takke OmNpenesuTh IUIAH NCHCTBHN B
CUTYallUH, €CJM OTKa3aJ yniuiep 1, oTkazan unsuiep 2, 0TKa3aiu YWiiepsl 2 U 3 U T.1.

Tun u munopasmep uuiiepa.

TpeOyemble s OOBEKTa B aBAPUMHOW CHUTyallMd THII M TUIOpasMep 4YWUiepa 3aBUCAT OT
HEeCcKOJbKUX (pakTopoB. C Opyroi CTOPOHBI, BEIOOP TaKOTO YMIIepa OMpenesseT, HACKOJIbKO OOBEKT
MOJATOTOBJIEH K Takod cuTyanuu. [IpuMmepaMu mapaMeTpoB, ONPEACISIONIUX THII U TUIOpa3Mep
YHILIEPA, SIBISIOTCS .

* DJIeKTPOTEXHYECKHE TpeOOBaHMS

* [IpocToTa MOHTaXa (YMILIEPHI C BO3AYIIHBIM OXJIAXKICHUEM KOHJICHCATOpa JIerde
CKOH(HUTYPHUPOBATH)

* Mmeromyecs omaay At pa3MeIieHus

* SIBnsieTcs M oXNaKAeHHE KOM(DOPTHBIM WM TEXHOJIOTMYECKHM

Pazmewenue obopyoosanus.
MecTo Ut pa3MeIeHrss MOKET ObITh OCHOBHBIM (haKTOPOM TpH Iu1aHKpoBaHuu. [Ipu BeIOOpe MecTa
JUTSL pa3MeEIeHUs] BDEMEHHOT'O 000PY/I0BaHMS BKHO YYUTHIBAT CIICAYIOIIICE:

* PacriosiokeHre TOYEK MOKITIOYCHUS BOIBI U DJICKTPOITHTAHUS
* UyBCTBUTEIHHOCTH 30H OOBEKTA K IIIYMOBBIM Harpy3Kam

* [IpocToTa nOCTYNa /Ui CEpBUCHOTO MEpCoHaa

* HenocTynmHOCTh 000pYyI0BaHUS ISl TTyOJIUKH

Tlooknouenue 800bl U 1EKMPONUMAHUSL
* TpeboBanus K pazMepam NaTpyOKOB MOIKIFOUCHHS BOJIBI
* Pacnionio)keHre BHEITHUX OTBOJIOB
» Hayimure 10CTaTOYHON MOIITHOCTH JIJTS 3aIlyCKa BPEMEHHOTO 000PYI0BaHUsI
* TpeboBaHUs K BO3MOXKHOMY T€HEPATOPY
Bcnomoeamenvroe ob6opyoosanue
* TpeOoBaHUs K HACOCHOM CUCTEME

* TpeGoBaHUsI K BpEMEHHBIM IUTAHTaM
* TpeboBaHus K 3JIEKTpOKaOEIAIM.
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B nanHOM pasnene pacCMOTPEHBI TOJIBKO OOIIME acleKThl BBIPAOOTKHM TUIaHA JCHCTBHHA B
HEMPEIBUACHHBIX O0CTOSITEILCTBAX MPUMEHUTELHO K CHCTEMaM OXJaxjaeHus. [loMHuTE, 4TO B
3aBHCHMOCTH OT KOHKPETHON CUTYaIlMH MOTYT MOSIBUTHCS U APYTUE (HAKTOPHI.
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1 Avery, G, P.E.; "Controlling Chillersin Variable-Flow System" ASHRAE Journal, February
1998. pp. 42-45.
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3 Kirsner, W.; "The Demise of the Primary-Secondary Pumping Paradigm for Chilled-Water Plant
Design" Heating/Piping/Air Conditioning, November 1996.

4 Schwedler, M., PE and Brunsvold, D., Absorption Chiller System Design, SYS-AM-13, The Trane
Company, May 1999.

5 Taylor, S. T; "Degrading Delta-T in New and Existing Chilled Water Plants, Cool Sense National
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Electric, September 1997.
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BapuaHTbI KOHAEHCATOPHBIX CUCTEM

Yusiepbl ¢ BOAHBIM OXJIAKICHUEM KOHAECHCATOpa TPeOYIOT aHaln3a CHCTEM BOAHOTO OXJIAXKICHUSI
KOHZIeHcaTtopa. Bompockl TemmepaTyp W pacXoJOB BOJBI KOHJIEHCATOpa OBLIM PAacCMOTPEHBI B
paszaene "OCHOBHBIC TPHHIMUIBI PAaOOTBI YCTAaHOBOK IO TPOW3BOJCTBY OXJIAXKJICHHOW BOJIBI".
[TockoabKy BOIIPOCHI PETYIUpPOBaHMS MPOIECCOB B KOHIACHCATOpE I YWIEPOB C BO3MYLIHBIM
OXJIAKJICHUEM KOHJIEHCATOPOB OTHOCATCS K KOHCTPYKIIMHM YWJUIEpAa, OHH HE PacCMaTpUBAIOTCS B
JTAaHHOM W3IaHHH.

Yrto0Obl 00eCcIeYnTh ONTUMAJILHOCTE mnmpomnoecca TEII000MEHa Ha TCINIONCPCAAOIINX TTOBEPXHOCTAX
KOHJICHCATOpa, 3T NOBEPXHOCTHU JOJDKHBI IOAACPKUBATHCSI B YMCTOM COCTOSHMHU. HA HUX JOJLDKHBI
OTCYTCTBOBATH OTJIOKCHUA HAKUIIA U [JIaMa. Hamuuue AaXXE TOHKOI'O CJIOSA HAKHUIIU MOXKCT IIPHUBCCTU
K CYHICCTBCHHOMY CHH)XCHUIO HWHTCHCHBHOCTHU IIpOoHCCCa TCIUIONCpEaAaYnu W  CHHIKCHUIO
3(1)(1)CKTI/IBHOCTI/I pa6OTI)I quiuicpa. CHCHI/IaJ'II)HI)Ie BOIIPOCHI O6pa6OTKI/I BOAbI TI'pagUpPEH HC
pacCMaTpUuBarOTCA B JAHHOM H3JaHUU. Yr1oOBI OIIPCACIIUTD ’I’pe6yeMI:II>i THUII BOAOIIOATOTOBKH H
yAajleHuA u3 oxnamna}omeﬁ BOJbI rpaiupHu HpHMeCCﬁ, MOJIy4HUTe KOHCYJIbTAalluIO
KBaJ'II/I(l)I/IHI/IpOBaHHOFO cricuyaiucTa 1o BOJOIMOATIOTOBKE.

Kongurypauuu cxem noaKkJII04YeHUs KOHAEHCATOPA

Ouensn BaXXHO, YTOOBI BO BXOJHOM na1py61<e Hacoca ObLT 0OecreueH MOI0KUTEIbHBIH Harop. OueHp
yacTo 3T0 00ecIeynuBaeTcs OyTeéM pPasMCUHICHUA HACOCa Ha YPOBHC HHIKE HOI[I[OHa'C60pHI/IKa

rpagiupHHU.
OnHa rpagupHs Ha KaXKIbIH YnJJIep

B HEKOTOpBIX cXeMax KaXKIblii YUILIEp UMEET CBOKO COOCTBEHHYIO rpanupHio. Hanbomee yacto takas
KOHQUTYpalys UCTOJb3YyeTCs B TEX CUTyaIUsAX, KOTJa YWIICPhl U MX TPATUPHU TIOKYMAIOTCS B
pa3IUYHOE BpEMS CpPOKa pabOThI yCTAaHOBKH.

KonagencaropHblie Hacochl, padoTaromue Ha 00U KOJJIEKTOP

Haunbonee mmMpoKo HCIONB3yeTCsS cXeMa C OJHMM OOIIMM MOJJAOHOM TpaJupHU H HACOCaMH,
paboTalomMMU OT OJHOTO oOmIIero KoJjulekTopa. Takas cXemMa HCIONb3yeT OJHY JIMHHUIO BOJBI
KOHJICHCATOpa M pa3JiesibHble TPYObl MEHBIIETO pa3Mepa s KakAoro yruiepa (cM. pucyHok 28).
Taxas cxema 06s1a1aeT psiIOM MPEUMYIIECTB!

* Pe3epBupoBanme pabOThI HACOCOB

* Ecnu rpagupHu MOTYT OBITH OTCEUEHBI, JHO0asi W3 OCTABIIMXCS B paboTe rpaaupeH
MOJKET paboTaTh B Mape ¢ JTIFOOBIM U3 YHUILICPOB.

e ['WapaBIMYecCKM Takas CXeMa 3HAYUTEIBHO MpOIIE, 4YEM CXEMa [0 CTOpPOHE
OXJIAXKIEHHOM BOJIBI.

* 'panmupHn MOTYT OBITH pa3MEIICHbI HAa OTMPEICICHHOM PACCTOSIHUHM OT YHILICpOB. s
WX MOJKJIIOUEHUS TPeOYETCs TOJILKO OJlHA TpyOa 1MoIauu ¥ BO3BpaTa.
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Pucynox 28  Cxema mpy6onpo6o0o6 Hacocos 600bl KOHOEHCAmMopa, pabomarouux Ha oowuLl
KOJUIEKMOp
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PerysimpoBaHue padoThl KOHIEHCATOPA MPH MEPEXOIHbIX Mpoleccax (HeyCTAaHOBHBIIUXCS
YCJIOBHSIX)

UYroObl 0obecrieunTh paboTy Kaxaoro 4uuiepa TpedyeTcs Mojanep:KaHUe ONpEeNeeHHOro Mepernana
JaBICHUM MeXIy HCIapHTeleM U KOHJEeHcaTopoM. Uwminep AODKEH co3/laBaTh 3TOT Iepemnaj
(muddepennman) naBaeHui 3a MEPHOJ BPEMEHH, rapaHTHPOBAHHBIA M3rOTOBUTEIEM. B pOTHBHOM
clydae CHUCTeMa PEryJHUpOBaHUs JOJHKHA OTKJIIOUUTH €ro. J[si HEKOTOPBIX YCJIOBHM NMPUMEHEHUS
MOXET OBITh CJIOHBIM OOECIEYHMTh TaKOW Tepernaj JaBJICHHs 3a MEPHUOJl BPEMEHH, JCKAIIHi B
OTPaHUYCHHOM JIMAIa30He.

[TpuMepoM Takux YCIOBHH MOKET OBITH OQUCHOE 37aHHE, B KOTOPOM OTCYTCTBYET IHEpCOHAN B
XOJIOHBIE U SICHbIE BBIXOAHbIC AHU. Boaa B moanoHe rpagupHHU HaxoAWTcs mpu Temmepatype 40°F
[4.4°C]. B noHenenpHUK - TIOr0JIa COJIHEYHAs W Terwtas. [Ipu Takod moroje 4uiuiep JODKSH OBITh
BKJtoueH. ITockosbKy umiiep HarpyxeH cyiadbo U 00beM MOANOHA TPaAUpPHU - OOJBILOH, TMepenas
JaBIICHUH HE MOXET OBITh JOCTHTHYT 10 MOMEHTa BBIKIIOUEHHUs umiuiepa. Eciu Obl 171 gaHHOTO
YHIUIEpa MOKHO ObLTO ObI CHU3UTH PacXo BOJbI Yepe3 KOHAEHCATOp, TaKOH clieHapuil cOOBITHIT OBbLIT
061 ManoBeposiTeH. CHIDKEHHE pacXoa BOJBI Yepe3 KOHIEHCATOP MPHUBOAMT K POCTY TEMIIEpaTyphbl
BOJIbl HAa BBIXOJIE KOHJIEHCATOPA, POCTY TEMIIEPATyphl XJIaAareHTa B KOHIEHCATOPE U POCTY JaBJICHUS
XJIaJlareHTa.

Bo3moxxHBI CJICAYIOIIME ONIMHU CHMXKCHHUA pacxoJa.

* Qaifrac rpagupHH

* faiinac ymiepa

* YICTIOJIL30BAHKE OJTHOTO I JIBYX JIPOCCENIbHBIX KJIATIAHOB Ha JIMHUH KOH/ICHCATOPHON
BOJIbI (mepemelieHre paboyell TOUKH Hacoca Mo paboyei XapaK TepHCTHKE)

* HacOC BOJIbI KOHJIEHCATOPA C TIEPEMEHHOW CKOPOCTBEO BPAIICHUS.
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Korza mocTHrHyT MUHUMAaITBHBIN TIepernajl TaBJICHHUs, PACX0/1 MOKET ObITh YBEIMYEH TaKUM 00pa3oM,
94TOOBI TOAACPKUBAJICS ATOT MHHUMAJIBHBIN mepenan. HekoTopbie MPOSKTUPOBIIUKH U ONEPaTOPhI
CUUTAIOT, YTO TAKUE YCIOBUS 3aIyCKa MOTYT IIPUBECTH K 3aTrPS3HEHHIO TPYO KOHICHCATOPHOW BOIBI.
OnHaKO 3TO MAJOBEPOSTHO B TEYCHHE KOPOTKOTO MEPHOJAa PEKMMa PadOTHl HA TOHIKCHHOM
pacxojie, MCHOJB3yeMOrO JOCTaTOYHO penako. I[IpeumyinecTBa M HEJIOCTATKU YKa3aHHBIX O
paccmarpuBaroTces B myonukanusx [1,5].

Metoabl pery1MpOBaHUsI BEHTUJISITOPOB I'PAJAMPHHA

PexuM paboThI TpaiUpeH OpraHMU30BBIBACTCS TAaKUM 00pa3oM, YTOOBI MOJYyYUTHh BOAY B IMOJJIOHE C
onpezeneHHON TemnepaTypoid. [Ipu n3MeHneHun rernocsemMa U U3MEHEHUU TeMIIEpaTypbl Hapy>KHOTO
BO3AyXa MO BIHKHOMY TEPMOMETPY BEHTHJISATOPHI TPaJUpHU IOJDKHBI MPOKAYMBATh OOJBILIE WU
MEHbIIIE BO3yXa, YTOOBI 00ecTieunTh TpedyeMoe 3HaUeHUE TeMIEePaTyphl BOIHI.

HunkaupoBanue (BKI0YeHHE/OTKIIOUEHNE) BEHTHJISITOPA

Bxmovenue/Bpikimouenre  (IUKJIUPOBAHKUE) OJMHOYHOTO BEHTHIATOPA C OJHOM  CKOPOCTBIO
BpAIllCHUS] SBISCTCS OJHUM W3 METOJOB OOECHEUEHHUS pETrYIHPOBAaHUS TEMIIEPaTypPhbl BOJIBL
[TockoyibKy pacxox BO3AyXa H3MEHSETCS, TPU H3MEHCHHH CKOPOCTH BpAllCHUS BEHTUJIATOPA,
WU3MEHSETCS W OTBOJAMMOE KOJMYEeCTBa Temwia. TemmepaTypa MoxeT kosebatbes ot 7°F mo 10°F
[3.9°C nmo 5.6°C]. Hekotopble Ywiepsl OCOOCHHO CTapIIEro MOKOJCHUS, O0OPYIOBaHHBIC
MHEBMATHYCCKUMHU  PErYSITOpaMH, MOTYT paboTaTh HEYCTOWYHMBO TMPH TAaKOM HM3MCHCHHH
temrepaTypbl. Oco0oe BHUMaHHE HEOOXOAMMO OOpaTHTh Ha TO, YTOOBI BKIFOUCHHUE/BBIKIFOUCHHE
BEHTHISITOPA BBIMOJHIOCH HE CIHUIIKOM YacTo. Takoe 4YacToe BKIIOYCHHE/BBIKITFOUEHUE MOXKET
BBI3BATh TMOJIOMKY 3JIEKTPOIBUTATEIS, TPUBOIA UM BEHTUIATOPHOTO OJI0Ka.

J{ByXCKOPOCTHBbIE BEHTHJISITOPBI

Jlns cHwKeHHs KoJieOaHWM TeMmepaTypbl YacTO HCHOJB3YIOTCS TPaJUpPHU C ABYXCKOPOCTHBIMHU
BEHTWIITOpaMu. OOBIYHO HH3Kash CKOPOCTh BpalleHMs BeHTWIsiTOpa cocTaBimsieT oT S50 mo 70
MPOIICHTOB OT TOJIHOW CKOPOCTH BpamieHus. [IocKoIbKy TemocheM H3MEHSETCsl MPUOIN3UTETHEHO
MPOTNOPLIMOHATBHO CKOPOCTH, KoJieOaHWsA TeMIepaTypbl MpU TakoM MeTojae OyAyT COCTaBIATh
Tosibko 50-75 mpoIEeHTOB OT KojeOaHWH, HUMEIOIIHUX MECTO MpH IUKIUPOBAHHHU OIJHMHOYHOTO
BEHTWIATOPA. B 3TOM ciydae Takxke JOJDKHO ObITh HCKIIIOUEHO CIHMIIKOM 4YacToe MEepeKIIIoueHHe
CKOpocTeil - KOopoOKa Tmepeiady MOKET MOABEPTHYThCS MU30OBITOUHOMY H3HOCY U OTKAa3arh.
OmnpeneneHHbIM MPEUMYILIECTBOM JIBYXCKOPOCTHBIX BEHTUJIATOPOB SIBISAETCS TO, UTO MpHU paboTe Ha
HHU3KOIl CKOPOCTH CYIIECTBEHHO CHIKaeTcd MoTpeliseMas MOIIHOCTh BeHTUIATOpa. [locKombky
GYHKIMS 3aBUCHMOCTU TOTPEOISIEMO MOIHOCTH BEHTUJIITOPA OT CKOPOCTH BpAILICHUS SIBIISETCS
KyOuueckoil (npuOIM3UTENIbHO), IPU paboTe Ha MOJIOBUHHOW CKOPOCTH MOTpedJisieMas MOLTHOCTh
COCTaBJISIET OKOJIO 15 MPOIIEHTOB OT MOILITHOCTH, MOTPEOISIEMOI! MPU TOTHOM CKOPOCTH BpAILICHHS .

JlonoiHuTE IbHBIE (BCTIOMOTATEIbHBIE) 3JIEKTPOABUTATEIN HEOOIbIIOI MOIIHOCTH

[TpousBoauTenH rpagupeH NpeasaraioT enie OJHy OIMIUI0: UMETh Ba OTACIbHBIX dJIEKTPOIBUTaTEIIs
IUIL TIPUBOJA BEHTWJIATOpA. ONEKTPOJABUTAaTeIb MEHBIIEH MOITHOCTH YacTO HAa3bIBAalOT 'TIOHM'-
MoTopoM. OH paboTaeT Ha CKOPOCTH, COCTABIIAIONIEH /1BE TPETH OT MOJIHOM CKOPOCTH BpPALICHHS U

notpebnser okono 30% OT MOIIHOCTH TpH TOJHOW cKkopocTH. [Ipu perymupoBaHuu pabOThHI
rpaJIupHA B)KHO MHHUMHU3UPOBATH YaCTOTY MEPEKITIOYCHUSI MEKITY CKOPOCTSIMHU.
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IIpuBOABI C NEPEMEHHOI CKOPOCTHIO BpallleHUs

Hcrnonp30BaHue NPHUBOAOB C INEPEMEHHOM CKOPOCTBIO [JI1 BEHTWJISATOPOB TIpaJupHU JaeT JBa
3HAYUTEJIbHBIX  [peuMyIlecTBa. Bo-NepBbIX, 3HAUYMUTENBHO  yIydyllaeTCcs  peryjaupoBaHHe
TeMIepaTypbl BOJBI TpaaupHU. Bo-BTOPHIX, MOCKOJBKY (YHKIMS 3aBUCUMOCTH MOTpeOseMoin
MOIITHOCTH BEHTHJISITOpa OT CKOPOCTH BpallleHHs SBISETCS KyOMUYECKOW, 3TO maeT Ooblioe
COKpalieHue »sHepronorpebieHus. IlpuBoabl ¢ NEpeMEHHOH CKOPOCTBIO TakXXe IO3BOJIAIOT
BBITIOJIHATh M3MEHEHHE CKOPOCTH BpallleHHs 0e3 M3Hoca 3y0uarod mepefayd M 3JIEKTPOJBUTATENS.
Hcnonb30BaHue TakuxX MPUBOJOB JAET TAKXKE IMPEUMYIIECTBA B aKyCTHUKE, TaK KAaK CHUKECHHE
CKOpPOCTH BpaIllEHUs COIIPOBOXKIAETCS CYILIECTBEHHBIM CHU)KEHUEM YPOBHS 3BYKOBOM MOIIIHOCTH.

ITnacTuHYATHIN TENJI000MEeH HUK

Kak yxe ObII0 TOKazaHo paHee B paszzaesic "OMNIMU CUCTEMbl OXJIKICHHON BOJBI'", TUIACTUHYATHINA
TEIUIO0OMEHHUK MOKET HCIIONIb30BaThCs COBMECTHO C TpajupHEil At obecrieueHus OXJIaKICHUS
MIPU yCJIOBUSX OYCHb HU3KOW TEMIIEpPAaTyphl HApYy)KHOTO BO3JyXa MO BIAKHOMY TepMmomeTpy. llpu
WCTIOJIb30BAHUM I TaKUX LEJIeH MPOSKTUPOBIIMKH YacTO JETAI0T IPATUPHIO HECKOJIBKO OOJIBIICH,
94eM 3TO TpeOyeTCs Mo MPOESKTHBIM YCJIOBHSAM - TAKMM 00pa3oM, YTOOBI OHA MOTJIa HCIIOJIb30BaThHCS B
TEYCHHE MHOTHX YacOB MPU padoTe C MIIACTHHYATHIM TETFIO0OOMEHHUKOM.

ApTeH3HAaHCKasl BO/Ia, pedHasi H 03epHasi BOAA

CyIecTByIOT CHUTyallud, KOIZa uYepe3 KOHJEHCATOp NPOKAauMBaeTCsl apTe3MaHCKas, pedHas WU
o3epHas BojJa. B Takux ciydasx HeoOX0IMMO MPOBECTH aHAIHN3, 4YTOOBI cOaNaHCHUPOBATh CTOUMOCTD
MPOKAaYKH BOJBI C TMPEMYIIECTBOM TOTO, YTO YWIIEp MOJy4daeT OOJBIIMI pacxox BOABI depe3
koHgeHcatop. C Jpyroil CTOPOHBI CYIIECTBYIOT OSKOJIOTMYECKHE OTpaHMYCHUs (HOPMATHBHBIC
JIOKYMEHTHI, IeHCTBYIOIINE HAa 00beKTe). HeKoTophie HaA30pHBIC OpraHbl HE Pa3pemaT cOPOC BOIBI
[I0oCJIe MCIOJIb30BaHuA. [Ipyrue ajMHUHUCTpaTHBHBIE OpPraHbl OTPAHUYMBAKOT MAaKCHUMAJIbHYIO
TeMmrepaTypy cOpoca BOJbl B MPUPOIHBEIE BoJOeMbl. HeoOXoauMo MpoBecTH THIATENbHBIM aHAIU3
pacxo0B, YTOOBI cOaTaHCHPOBATh SKOHOMHYECKUE U SKOJIOTHYecKue TpeOoBaHusl.

PeryimpoBanue TemnepaTypbl BOAbl KOHACHCATOPA

Bompoc perynupoBaHus TemmnepaTypbl KOHISHCATOPHOH BOJBI M3ydalcs BO MHOTHX paboTtax. B
nocnenHaue roapl bpayn u dummepux [2], Xaiineman, JDxwutectaii u Kammepyn [3], a takke
Iseiep [4] He3aBUCHMO IpyT OT Apyra MoKa3aad, YTO Ba)KHOE 3HAUCHHE MMEET OaJaHCHUPOBAHHUEC
JHEPTHUi, MOTPEOSIEMBIX YWUIEPOM | TpagupHeill. B paboTax Xaiimemana ObUIO MOKa3aHO, YTO TPU
Pa3MUYHBIX Harpy3Kax M YCIOBUSX COCTOSTHUSI HAPYKHOTO BO3/lyXa ONTUMAaJbHAas TEMIIEPaTypa BOIbI
KOHJIEHCaTopa Jisl KOHKPETHOW YMIJLIEPHON YCTAHOBKH 3aBUCHUT KaK OT Harpy3Ku YWIIEPA, TaK U OT
COCTOSIHHUSI HAPY)KHOTO BO3yXa (cM. pucyHok 29). Bce aBTOpBI MoKa3aii, 4TO JJIsi MHOTHX PEKHMOB
paboOThl ONTHUMAIBHBIMU YCJIOBHUSMH SIBJIIETCS OTHIOAb HE camas HHU3Kas TeMIepaTypbl BOJBI,
KOTOPYIO MO3BOJISIET MOJYYUTh IpaAvpHs. JJI1 NpOEKTUPOBIIMKOB U ONEPATOPOB CUCTEMBI BAKHO
W3YYHTh UCTIOJB30BAaHKUE PETYJSITOPOB YPOBHS CHCTEMBI, YTOOBI HACTPOUTHh YCTaBKY TeMIIEpaTyphl
BOABl B TMOJIOHE-COOPHHMKE TPAIUpPHU TaKUM 0Opa3oM, 4YTOOBI CHU3HTH CYMMY JHEpIHH,
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noTpebyseMoll YmiepoM U rpagupHeil. ONTUMHU3aLus PeryIHpOBaHUS YHIUIEP-TPAJUPHS MOYKET
OBbITh aBTOMATH3HPOBAHA C TIOMOIIBIO CUCTEMBI YIIPaBJICHHS YIIIEPHOH yCTaHOBKOHA.

Pucynox 29  Onmumuzayus pabomel wuinepa-epaoupru

MonHas n0Tpe6nemaﬂ MOLLUHOCTb B 3aBUCUMOCTW OT YCTaBKK KOHﬂeHCElTOpHOVI BOAbI

MowyHocTb (kBT)
R . Yunnep He MOXET MOKPbITb Harpyaky
1210 — —_— . — BblLLE 37O/ TemMnepaTypb
' Camast Hu3kas TeMnepaTtypa KOHLEHCATOPHOM BOAb, KOHAEHCATOpHON BOA®!
KOTOpas MOXET 6bITb NOMy4eHa OT rpagupHi npu
. [aHHOI Harpyake v TemMnepaType no BNaxHOMY
10U TepMOMETPY Tt
! 1650 ToHH [5803 kBT] _
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&0 ' 1160 ToHH [4080 KkBT] Ce
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aze | 7T — T '
730 TOHH [2567 kBT]
) 54°F[12.2°C] no BnaxHoMy TepMOMETPY ! '
200 ! '
1
0 ———+ — |+ —l +
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YcTaBka TemnepaTypbl KOHAEHCATOPHO BOAb! [°F]

Onuuu HACOCOB BOJbI KOHAEHCATOPA
bananc ynaiep - Hacoc

BreiBaroT cutyarmu, Korja mpoeKTUPOBIIMK MOKET BBIOpATh OMIUIO M3MEHEHHUS pacxo/ia BOJbI Yepe3
KOHJICHCATOp JOTIOJHHUTEIBHO WJIM B3aMEH OIIUM W3MEHEHHUS CKOPOCTH BPAIICHHS BEHTHIIATOPA
TPAIUPHUA. DTO MOXKET OBITh BBITOJIHO B CHUCTEMaX C BBICOKOW MOTPeOIsIeMON MOIIHOCTHIO Ha
HACOCHYIO MpoKauky. EciM CMOHTHpOBaH NPHWBOA C MEPEMEHHON CKOPOCTHIO BpAIICHHUsS, PacXo.l
MOYET OBITh COKpAIIEH U CYLIECTBEHHO CHIDKEHA MOIIHOCTB, MOTpedisieMas HacocoM (KyOmdeckas
3aBUCUMOCTH). [OTIBITKH OJTHOBPEMEHHOT'O M3MEHEHUsI CKOPOCTEH HAacoca W BEHTHJIATOPA MPHUBOAT
K YCJIO)KHEHHUIO CUCTEMBI U TPEOYIOT COOTBETCTBYIOIIETO BPEMEHH Ha MIPOSKTUPOBAHUE U BHEAPEHUE.

OrpaaneHm{ U3MEHCHUA pacxoa0B

Ocoboe BHHMaHHE HEOOXOAWMO OOpaTUTh Ha TO, YTOOBI MOJIEPKUBATH PacxXoj] BOIBI dYepe3
KOHJICHCATOp Ha YPOBHE BBIIIE MUHUMAIBHOIO JOIYCTUMOIO 3HAYEHUS JJI1 KOHACHCATOpa JaHHOTO
yiuiepa. Omepatop MOJDKEH pEeryilspHO pEerucTpupoBaTh TEMIEpPAaTypHOE MNPHOMIKEHUE B
KOHJIeHcaTope (pa3sHOCTh MEXIY TEMIEpaTypoil XJaJareHTa B KOHICHCATOpE M TeMIIepaTypoil BOIbI
Ha BBIXOJIE KOHJICHCATOpa), 4YTOOBI WCKIFOUMTH 3arps3HeHHEe TpyOuaTku. TemmepaTypHoe
NpHOJIMKEHUE MOKET KOHTPOJIHMPOBAThCA C TOMOINBIO CHCTEMBl YIpaBieHUS 000pyIOBaHHEM
YUJUIEPHOU YCTAaHOBKH.
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KoncTpykuust rpaimpHu u/viti pa30pbI3rHBAIOIINX HACAIOK IPATUPHE MOKET OKa3bIBATh BIUSHUE HA
JOMYCTUMYIO BEJIMUMHY pacxojia BOJbl uepe3 KOHAeHcaTop. Eciau pacxo cHIKaeTcsl HUKE IpeJiena,
YKa3aHHOT'O W3TOTOBUTENIEM, HE MOXKET OBITh OpraHn30BaHO 3(h(EeKTUBHOE paclpesielieHue BOJIbI Ha
3arpy3Ke TpagupHH. DTO TPUBOIUT K CHIDKEHHIO 3(PQPEKTUBHOCTH MPOLECCOB TEIIOOOMEHa B
rpagupHe. B sKCTpeManbHBIX CHUTyalUsX 3TO MOXKET IPHUBECTHU K 3aMEP3aHUI0 BOJBI B TPaJUpHE.
Ecim paccmarpuBaeTcss BO3MOMKHOCTb MCIIOJIB30BAaHUsSI IEPEMEHHOIO pAaCXofa, CBSDKUTECh C
M3TOTOBUTENIEM TpaJUpHU U OMNpEeNuTe TpaHUIly pacxoga Hu TpeOyeMylo KOH(pUTypanuio
pa3OpBI3TUBAIONINX HACAJOK MM CaMOM TpaaupHH, KOTopash MOXeT obecneuuTh paboTy mnpu
MIEPEMEHHOM pacXoJie.

Pa3zbeauHeHHAas1 cUCTEMA KOH[[eHcaTOpHOﬁ BO/JbI

YToOBl MCKIIOUUTH BO3MOXKHBIE TPOOJIEMBI C MEPEMEHHBIM PACXOIOM BOJbI IPAJAUPHU, HEKOTOPHIE
NPOCKTUPOBIIMKH Pa3IeIIIOT CHCTEMY KOHIEHCAaTOpHOW Bonbl (cM. cxeMy Ha pucyHke 30). Takas
KOMIIOHOBKA IO3BOJISIET ONTUMU3HPOBATH MOTPEOJICHHWE SHEPrUHM IMYTEeM CHIKCHHS MOIIHOCTH,
3aTpayMBaeMoOil Ha HACOCHYIO MPOKAUKy, 6€3 CHIILHOTO YCJIOKHEHHs cucTeMBbl. [lockonbKy rpaaupHs
Jdydlle Bcero paboTaeT MpH IOJHOM pacXoJe BOABI uepe3 MaTepuasl 3aloJHEHHs, OTIEIbHBIN
PELMPKYISIMOHHBIN Hacoc oOecrneunBaeT NOCTOSHHBIN pacXoa BOJBI Yyepes IpaJupHI0. ITO - OUECHb
MAaJIOMOIIIHBINA HAcOC, TaK Kak TpeOyeMblIil HAarop - O4eHb HEOOJBIIOH.

Hcnonp3oBanue IBYX OTAEIBbHBIX KoHIeHcaTopHbIX HacocoB (CDWP-1 u CDWP-2) mo3somser
CHU3HUTh SHEPrui0 Ha paboTy HAcOCOB BCAKHMU pa3, Korja TemIiepaTypa KOHIEHCATOPHOMH BOJbI
IPUBOJUT K HENPOAYKTHMBHOMY CHIDKEHUIO JaBJICHUS XJaJareHTa B KOHJEHcaTope. XOTs
HCIIOJIb30BaHUE HECKOJIBKMX Pa3JIeIbHBIX HACOCOB MOXKET IMOKA3aThCs Ha MEPBBIM B3I CIOKHBIM,
BCIIOMHHTE O YHUCJIE KJIAIAHOB U PETYJIATOPOB, KOTOPbIE OHU MO3BOJIAIOT UCKITFOUHUTb.

Pucynox 30 Pazveounennas cucmema yupxyasayuu 600bl uepe3 KOHOeHCaAmop
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Bo3MoxxkHOCTH MOAECpPHU3ALUH

Brnanenbuiam 31aHMii MOXET HOTpeOOBaThCA yBETUUYCHHE MHPOM3BOAMTEIBHOCTH CYIIECTBYIOIIEH
CUCTEMBI (HarpuMep MpH AOCTPOiKe 3naHus1). Bo MHOTHX TaKkuX 3[aHUSX CUCTEMa KOHJICHCATOPHOM
BOIbI (TpyOOMpPOBO/ABI, HACOC M TPaJUPHSA) HAXOTUTCS B XOPOIIEM COCTOSHHUHM, HO 4YacTo
NpPEAINoJaraeTcs, 4T0 €e MPOM3BOAUTEIBHOCTh OyneT HemocTtaTouHO# (cimmkom wmaia). [lyrem
M3MEHEHUS TPAJWIMOHHBIX MPOEKTHBIX PEHICHUH CYyIIeCTBYIOIas HHPPACTPYKTypa MOKET OBITH
94acTO UCMOJb30BaHa, 00ecreyrBasi IPU STOM JOTOJHUTEIbHYIO TPOU3BOAUTENLHOCTD.

[lomHuTe, 4TO TrpasuMpHA HE OIPAHMYUBACT 3a/JaHHOE 3HAYEHHUE XOJIOJONPOU3BOIUTEIBHOCTH.
I'pagupus mpencTaBisieT co0oi TEMIOOOMEHHUK, KOTOPBIM BBIMONHAET Ieperady Temaa MeEKIy
BOOK (C Temmeparypoil Ha BXOJE) M HApYXHBIM BO3IYXOM (TemIieparypa TO BIaXKHOMY
TepMomeTpy). [lyTeM u3MeHEeHuUs pacxo/1a WiIu TeMIIEPaTyphl MPOU3BOAUTEIBHOCTh IPAJUPHH MOKET
OBbITh M3MeHEeHa (JacTo yBenmdeHa). Huke mokasan npuMep, WLTFOCTPUP YOI 3TO TIOJIOKECHHUE.

Ilpumep

BbosnbHuma 6bi1a 000pya0BaHa YWIIEPOM ¢ mpou3BoanuTebHOCThIO 450 TonH [1580 kBT], KOoTOpHIIH
HEoOXoaMMO 3aMeHHUTh. Pacxonm Boabl B KoHzeHcartope coctaBisier 1350 ram/mun [85.2 n/cek].
VenoBust Uist BBIOOpa rpaipHU:

* Temriepatypa Bobl Ha BxoJie: 95°F [35°C]
* TeMIiepaTypa Bobl Ha Beixojie: 85°F [29.4°C]
* TeMIIepaTypa Hapy»KHOTO BO3/yXa M0 BIaXHOMY TepMomeTpy: 78°F [25.6°C]|

CoBceM HenmaBHO ObUla 3aMeHeHa 3arpy3ka rpaaupau. Cama TpagupHs, TpYOOTPOBOIBI
KOHJICHCATOPHO! BOJIBI M HACOC HAXOMASATCS B XOPOILIEM COCTOSIHUU. BoJTbHHIIA ITAHUPYET YBEITHYUTh
Harpy3ky Ha 50 mpoueHTOB, 4YTOOBI CyMMapHasi IPOU3BOIUTEIBHOCTh cocTaBisuia 675 Tonn [2370
kBT]. JlomkHa 1 B 3TOM Cllydae 3aMEHAThCS BCs KOHAEHcaTtopHas cuctema? Ecmu umiiep Oynmer
BBIOpaH MPaBIIBHO, OTBET - "HEeT" (3aMEHbI KOHICHCATOPHOW CHCTEMBI HE TpeOyeTcs).

Kak Bo3moxHO Takoe? Ecnu nepenas naBieHus BOJbI B KOHJCHCATOPE HOBOTO YMILIEPA HAXOIUTCS
Ha TaKOM >K€ YpOBHE WJIM JIGKHUT HIDKE ITOTO Iepemajna sl CYIIECTBYIOIIEro YHIUIEpa, MOKET
MPOKAYMBATHCS TAKOE K€ KOJIMIECTBO BOABI. [Ipy paBHOM 3HaYEHUH PacXoJia MOKET OBITh MOA00paH
YHJUIep C TPOW3BOAMTENBHOCTBIO 675 Tomn [2370 kBt] ¢ poctom Temmeparypsl BOJABI B
koHnmeHcarope okoso 15°F [8.3°C]|. Hcmonb3ys KOMIBIOTEPHYIO Mporpammy pacdeta (OT
W3TOTOBHUTENSl TPANUPHH) MOXHO TOA0OpaTh IS CYIIECTBYIOUIEH TpagupHH Oojiee BBICOKYIO
pasHocTh Temrepatyp. Kak nokazano Ha pucynke 31 HOBBIMU pabounMH TTapaMeTpaMu OyayT:

* Temriepatypa Boxbl Ha Bxoe: 103°F [35°C]
* TeMIiepaTypa Bobl Ha Beixojie: 88°F [29.4°C]
* TeMIIepaTypa Hapy»KHOTO BO3/1yXa M0 BIaXHOMY TepMomeTpy: 78°F [25.6°C]|

DTO0 MOSACHSET, KaK CYMIECTBYIOMIAS TPATUPHS TIPU TOM XKE PAcX0Jie MOYKET 00ECIIEYUTh YBEITUUCHHUE
TermiocheMa (B pacCCMOTPEHHOM MPUMEPE YBEIMYCHHE COCTaBIsIeT 0Koito 50%).

WnxeHep NPOEKTHPOBIIMK YAaCTO MOXKET MNPEAJIOKUTh PEIICHUs, IMO3BOJSIONIME CYIIECTBEHHO
COKPaTUTh TOJHYI0 CTOMMOCTh TIPOEKTA 3a CYET UCTIOIB30BAaHUS CYIECTBYIOMIEH HHPPACTPYKTYPHI U
BbIOOpa ymiIepa ¢ 0oJiee BHICOKUM TEMIEpaTypHbIM TU(GepeHIINATIOM.
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Pucynox 31 Buibop epaduphu 01 paziuinsbix npouseoo0umesbHoCmell Yuiiepos

Temmnepatypa Boxbl rpaaupuu [°F]
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# /[uanazon 15°F [8.3°C]
® /[uanason 10°F [5.6°C]
@ [lpoexrHas pabouas Touka

TemrepaTypa 1o BaaxHOMY TepMometpy [ °F]
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BuiBOABI

[TockosbKy OOJIBIIMHCTBO CUCTEM OXJIAXICHHOHW BOJBI COCTOST OoJjiee, YeM M3 OJHOIO 4WIIepa,
Ype3BbIYAiiHO BaKHO MPABIJIBHO MOHMMATh MPUHIMIEI paObOTHI M YCIOBUS MPUMEHEHHUS CHUCTEM,
COCTOSIIIMX U3 HECKOJIBKUX YHUIJICPOB.

B mpunHnmmnax paboThl TaKMX CHUCTEM HET HUYEro OoCOOEHHO CIIOKHOTO. HampoTHB, KOHCTPYKLIHS
CUCTEMa JIOJDKHA BBIOMPATHCS C COOJIOJCHHWEM OIPEACNCHHBIX KIIOUEBBIX MPAaBWII TMPHUKIATHOU
¢buzMKH.

[Tpu pa3paboTke KOHCTPYKLIUHU U SKCIUTyaTallMU CUCTEM OXJIAKJCHHOW BOJBI CYHIECTBYET IIUPOKAs
BO3MO>KHOCTb BBIOOpA. DTO OTHOCUTCS K BEJIMYMHAM PACXO/0B, TEMIEpaTyp, KOHPUTypaluu CUCTEM
U onuusiM perynupoBanus. [locne onpeaeneHus TOro, 4To Xo4eT COOCTBEHHHK 3/1aHUSI M OTEepaTop
YHJUIEPHOM YCTAaHOBKHM, TIPABWIBHBIA BBIOOP YKa3aHHBIX IAapaMETPOB M OMNLUI MO3BOJIAET
MIPOEKTHPOBIIUKY 00ECTICUUTh IEHCTBUTEFHO ONTHMAIbHOE PELICHHUE.

[Ipu Mcnosib30BaHUM NMPUHIMIOB, U3J0KEHHBIX B JAHHOM W3/1aHUH, Ba)KHO IOMHHTH CJIEIYHOIINE
IpaBuIa!

* Hpaeuﬂo 1 HpOCTOTa. OI[HaKO IIpoCTOTAa HE BCCTAA O3HAYACT HCIIOJIb30BAHUC
HaAaMMCHBIICIO 4YHCJIa KOMIIOHCHTOB. HpOCTOTa YaCTO BBIPpAKACTCA B BO3MOKHOCTU
YHUBCPCAJIbHOI'O TIOHUMAHHA.

e IlIpaguno 2: Eciu TPOEKTHPOBLINK CHUCTEMBI MOXKET OOBSICHHUTH, Kak paboTaeT 3Ta
CHCTEMa, 3TO - XOpOIIWH IIAHC TOro, YTO cuUcTeMa OyneT OTIM4HO paboTath. Ecim
MPOEKTHPOBILIMK CaM HE MOXET OOBSCHHUTH, Kak Oyner paboraTh paspaboTaHHas UM
KOHCTPYKLIHS, IIIAHC TOTO, YTO CUcTeMa OyaeT paboTaTh 3PPEeKTUBHO, OTCYTCTBYET.

» Ilpasuno 3. Eciu omepaTop CHCTEMbl MOHHUMAET OOBSICHEHUS MPOCKTHPOBIIUKA
CHCTEMBI O TOM, KaKk paboTaeT 3Ta CHCTeMa, 3TO - XOPOUIMW IIaHC TOTO, YTO CHCTEMa
Oyzmer oTau4yHO pabortaTh. Eciin omepatop cucTeMbl HE TIOHUMAET, Kak OyaeT padoTaTh
pa3paboTaHHas MPOCKTHUPOBIIUKOM KOHCTPYKIIHSI, IAHC TOrO, YTO CHCTEeMa Oyjaer
pabotath 3(h(HEeKTUBHO, OTCYTCTBYET.
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CJioBaphb, HCNOJb3yeMbIX TEPMHHOB

ASHRAE - Awmepukanckoe 0OIIECTBO HHXEHEPOB CHUCTEM HarpeBa, OXJOKIACHUS U
KOHJIMITHOHHPOBAHUS BO3IyXa

building automation system (cuctema aBTOMaTm3almu 3aaHus) - KoMOMHAIuWs KOHTPOJLIEPOB U
OPOrPAMMHBIX  TIPOAYKTOB, KOTOpbIe OOECIIEUMBAIOT CBSI3b UM PETYIMPOBAHHE Pa3IMIHBIX
MEXaHHUYECKUX CHCTEM MPHU OCYIICCTBICHHH yNpaBicHUs. K HUM OTHOCSATCS CHCTEMBI OTOILICHUS,
BEHTWIIIIMK ¥ KoHmunuoHupoBanus Bo3ayxa (HVAC), cucTeMbl OCBEIICHUS W BCE TMPOYHE
ycTpoiicTBa 3manus. JIpyrMM Ha3BaHHEM 93TOW cHcTeMbl siBusiercs CucTemMa  ympaBieHHsS
obopynoBanueM 3aanus (BMS)

chilled water (oxnaxaeHHast Boja) - Ipyroe Ha3BaHue "OXJIa)JIeHHas BOJIa Ha BbIxoJie" Wi "BOJ/Ia Ha
BbIXOJle HcmapuTessi’. XOoJIomHas BOJa, MPOM3BOJAMMAA YHUIEpOM (TPOXOJsinas 4yepe3 TPyOHBIH
MYYOK HCIIApUTENs), W IoJaBacMas C IOMOIIBI0 HACcOCa K TEIIOOOMEHHHMKaM KOHIMIIMOHEPOB B
3MaHuU. BHYTpW uHCnapuTeNss HaXOIWUTCS XJIQAareHT, KOTOPBIH MNPHUHUMAET TEIUI0 OT BOJIBI,
BO3BpallaeMoi 0T oTpeduTenel, u mpoTeKaromell BHyTpU TpyoO.

chiller (oxmagurens >KHUAKOCTH) - CUCTEMa KOHIWIIMOHUPOBAHHS BO3AyXa, OOECTICYHBAIOIIAS
UPKYJBIIAI0 OXJTaXICHHOW BOJIBI K Pa3JIMYHBIM TEIUNIOOOMEHHHKAM OXJIAXKICHHST YCTaHOBKH.

coil (TermI000OMEHHHUK) - UCTAPHUTENh WM KOHICHCATOP, M3TOTOBICHHBIC U3 TPYO (MOXKET OBITH C
opeOpeHneM uitu 06e3 Hero).

condenser (konmeHcarop) - Yacte umiuiepa, B KOTOPOW Mapbl XJaJareHTa MPEBpAllalOTCsS B
KHKOCTbh, TEMIIEPATypa | JaBjeHHe KOTOPOH MOXKET ObITh YMEHBIIICHA ITPH BXOJIE B HCIIAPUTEb.

condenser water, leaving (konneHcaTopHas Boaa Ha Bbixojie) - CM. oxJaxkJaromias Boaa
cooling tower water (Boga rpamuphu) - CM. OXJIaXIarommas Boja

cooling water (oxnaxmaromias Boja) - Takke HCHOJb3yeTcs 0003HaueHUe "Boja rpaaupHu”, "Boaa
Ha BBIXOJIe KOH/IEHcaTopa", "Boa Ha BXoze adbcopbepa”, "Boaa abcopbepa-kKoHaeHcaTopa” uim "Boja
oxJTaxKaroei rpagupuu”. Boga oT crienuansHOro HCTOYHKMKA (TPaJupHU, PEKH, MPYAa, CKBAXKHHBI),
KOTOpasi MpUHUMaeT Terwio. Boxa mpoTekaet o Tpybam abcopOepa 1 KOHAEHCAaTopa M BO3BPAILaeTCs

K UCTOYHUKY.

B ycraHOBKax ¢ O3JEKTPUYCCKHMMH TMPHUBOJAMH YWJLICPOB BOJA OTBOAMUT TEIUIO TOJBKO OT
KOHJeHcaTopa. B aOCOpOIMOHHBIX YHIUIEpaX OXJIKAAIOMIAs BOJA HCIOJB3YEeTCS TakkKe Ui
oxyaxeHus B abcopOepe. Boja 00bruHO mojaeTcst OT uCTOYHHKA ¢ TeMmepaTypoit 85 F (1 29.4 C)
cHauyaia B abcopOep, a 3aTteM B KoHaeHcaTop (TMOcienoBaTelbHAs KOMIOHOBKa). CBs3aHHbBIC
TeMIepaTypbl BOJBI. TeMIIEpaTypa BOJIbI Ha BXoJe B abcopOep (Wim Temreparypa Ha BBIXOJE
IPaJIMPHU) U TEMIIEpaTypa Ha BBIXOJIC KOHACHCATOpa (TeMIeparypa Ha BXOJIe IPaIupHH).

COP - KoadpdunueHT NpOU3BOAUTEIBHOCTH - Oe3pa3MepHas BEIWYMHA, XapaKTePHU3YIOInas
OTHOIICHHWE KOJMYECTBO TPOM3BEJCHHOTO XOJI0JJa K TOJBEACHHOMY TeIuly. XapakTepHu3yeT
3(HeKTUBHOCTH PAOOTHI.
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direct digital control (mpsimoe mdpoBoe perymupoBanue) - [IporpaMMUpoOBaHue, KCIOIB3yeMOE B
CUCTeMax YIpaBJICHHs 3IaHHEM JUISl PETYJIMPOBAHUS PA3IHMYHBIX BBIXOJOB (TAKHX KaK BEHTHIIH WIIH
npuBObl). [IpUMEHUTENFHO K CUCTEMaM OTOIUICHHS, BEHTHSIIIMK M KOHIUIIMOHUPOBAHKS BO3IyXa
(HVAC) tepmun DDC o3Hauaer mmpoBoe peryimpoBaHHE € MOMOIIBID MHKPOMPOLECCOPHOTO
KOHTpOJIIepa 03 MCIOJIb30BaHUsI MPOMEKYTOUHBIX YCTPOMCTB.

evaporator (icrnaputeib) - YacTps uniiepa, B KOTOPO BBIMOTHIETCS OXJIaXICHUE BOIBI CHCTEMBI 3a
CUeT HCMapeHusl XJaJareHra Npu TIyOOKOM Bakyyme. XJaJareHT 3abupaeT Temio OT BOJHI,
BO3BPAILlAEMOM B CUCTEMY.

fouling (3arps3nenme) - OminokeHHss npuMeceld Ha TpyOaX Ha CTOpPOHE IMPKYJSIUH BOABI, B
KOHJIEHCATOpax WM YIIIepax, KOTOpbIe MPUBOAAT K YXY/IIICHHUIO TEII000MEHa.

heat exchanger (remnooOmenHuk)- JIr0O0Oe YCTPOWCTBO sl TEpelaud Teria MEXIy IBYMs
(bHU3UUECKH pa3IeIeHHBIMU JKUIKOCTSIMH.

heat transfer (rerutonepenaua) - [Iporece nepenayun Tema OT OJHOTO TeJla HIIH BEIECTBA K APYTOMY.

load (marpyska) - JIroO0oe M3 BBIXOJHBIX YCTPOWCTB, KOTOPBIC MOJDKHBI YIPABISITHCA CO IIIUTA
(manenn) ynpaBiieHus 000pPYA0BaHHEM 3aHUS.

mechanical-compression refrigeration cycle (uukia oXJIaxACHHS C MEXaHWYECKUM CKaTheM) - B
ANEKTPUUECKUX YUIUIepax Jisi TPHUBOJA KOMIIPECcopa M TMPOHM3BOJACTBA OXJIAXKICHHON BOMABI TS
OXJIAXKICHUST HCIIOB3YeTCS AJIICKTPOABUIaTeb. B MEXaHHYECKOM MpOLECCe CKATUSI B KadeCTBE
paboyeill KHUIKOCTH HCIONB3YEeTCS XJaJarcHT. BHYTpH HHWKJIa BO3HHKAIOT PAa3HOCTH JaBJICHHNA W
Temrepatyp. Temmo NpuHUMAaeTCs Ha CTOPOHE HU3KOM TeMIIEpaTyphl M OTIAETCS Ha CTPOHE Ooliee
BBICOKO# TEMITEpaTypBHl.

psychrometric chart (ncuxpomerpuueckue TaOmuipl) - TaOsMIbl, TOKA3bIBAOIIAE COOTHOIICHHUES
MEXy TEMIIEPaTypOi, TaBJICHUEM M COJICP)KAHUEM BJIard B BO3yXe.

psychrometric measurement (mcuxpoMeTrpudeckoe u3MepeHue) - V3mepeHue — Temmepartypsl,
JaBJICHUS U BIAKHOCTH BO3/yXa C TIOMOIIBIO TICHXPOMETPUUECKHUX TAOIHII.

pumps (system) (Hacocsl - CHCTEMBI)

chilled water (oxmaxaeHHO# BO/BI) - 00ECTIEUMBAIOT LUPKYJLIIHIO OXJIKICHHON BOIBI
yepe3 UCHApPUTEINIbHYIO CEKIUIO, a 3aTeM Yepe3 TeINIO0OMEHHUKH 3/1aHHUS.

cooling water (oxmaxmarorieii Bobl) - 00eCICUUBAIOT UPKYIISALINIO OXJIAKIAFOIICH BOIBI
OT MCTOYHHUKA Yepe3 YHILIEP U KOHIEHCATOP, a 3aTeM 00paTHO K HCTOYHHKY.

shell-and-tube  (koxxyxoTpyOHBIN  TEIIOOOMEHHHK) - THI KOHCTPYKIHH —TEIIOOOMEHHUKA,
COCTOSIIIETO W3 TPyO, pa3MEIICHHBIX B KOXyXe WM Koprmyce. Yacto Takas KOHCTPYKIIUS
UCIIONIB3YETCs Vsl KOHICHCATOPOB U UCTIAPUTEINICH YrLIepa.
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shell-and-tube flooded evaporators (koXxyxoTpyOHBIE HCHAPUTEIM 3aTOIUICHHOTO THIA) -
Wcmaputenw, B KOTOPBIX BOJa TMPOTEKaET dYepe3 TpyOKH, CMOHTUPOBAHHBIE BHYTPH
[FJTHHPHUYECKOTO UCTIapUTeNist. XJIaJareHT HaXOAUTCs ¢ HAPYKHOU CTOPOHBI TPYOOK.

temperature, ambient (temneparypa Hapy)KHOToO Bo3ayxa) - TemmepaTypa BO3dyXa, OKpPYXKAaIOIIEro
paccMaTpuBaeMbIid OOBEKT.

temperature, wet-bulb (temmeparypa Bo3ayxa Mo BIIQXHOMY TepMOMETpY) - M3mMepeHHas cTeneHb
BJIQKHOCTH BO3ayxa. OmpezersieTcss TeMIepaTypoil HMCHIapeHus HpoObl BO3ayXa, U3MEPEHHOH C
MOMOIIBIO BIAKHOTO TEPMOMETPA.

tower water (Boaa rpagupau) - CM. OXJIaKIaloIas Bojia

three-way valve (tpexxomoBoii kiamad) - Kiaman peryaupoBaHus pacxoja, HMEIOIHMHA TpU
OTBEPCTHs LTS TPOTOKA JKUAKOCTH. KitamaH moaepKuBaeT MOCTOSIHHBIA pacXoJl Yyepes MK BOKPYT

Harpys3KHu.

two-way valve (1Byxx0/0Boii kiianan) - Kianan peryiupoBaHusi pacxo/ia, UMEIOIIHA B2 OTBEPCTHS
JUTSL MPOTOKA SKUJIKOCTH.

valve, throttling (mpoccenbHblii Ki1anan) - HEOOJBIIOW KJIaNaH, UCHOJb3yEeMbIi TJIaBHBIM 00pa3oM B
JIMHUSIX U3MEPCHUS TABJICHUS IS 3aKPBITHS JTMHUM MEK/Y CHATHEM TIOKa3aHUH M APOCCETMPOBAHMS
JIMHUM JJIS IPEAOTBpaieHUs (IIYKTyaluii BO BpeMsi CHATHS TIOKa3aHU.
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