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Bli1HaxiA Hane>Kli1TbAO Bli1MiplOBanbHo'i TeXHiKli1.KanOpli1MeTpW-lHli1C1Bli1TpaTOMipMOTOpHOro nanli1Ba 3
niABli1ll1eHOIOTOYHiCTIOBli1MipiB MiCTli1Tb6nOK KepyBaHH51TeMnepaTypolO. Tpy6Ky 3 np51Mli1MnOTOKOM
nanli1Ba Ta nocniAOBHO 3'eAHaHi 6nOK BiAHiMaHH51. 6nOK norapli1cPMyBaHH51. 6nOK niHiii1Ho'i
anpOKCli1Ma4i'iTa 6nOK 06Yli1CneHH51Bli1TpaTnanli1Ba. B TPy64i 3 ilp51Mli1MnOTOKOMnanli1Ba p03MillleHi
BxiAHli1C1HarpiBaY np51Moro nOToKy nanli1Ba, TepMonepeTBOplOBaY np51Moro nOToKy nanli1Ba Ta
HarpiBaY np51Moro nOToKy nanli1Ba. no pi3Hi 60Kli15lKOro p03TaWOBaHi ABi rpynli1 TepMonepeTBOplOBaYiB
np51Moro nOToKy nanli1Ba. B TPy64i 3i 3BOPOTHli1MnOTOKOM nanli1Ba p03MillleHi BxiAHli1C1HarpiBaY
3BOpOTHOro nOToKy nanli1Ba, TepMOnepeTBOplOBaY 3BOpOTHOro nOToKy nanli1Ba Ta HarpiBaY
3BOpOTHOro nOToKy nanli1Ba, no pi3Hi 60Kli1 5lKOrO p03TaWOBaHi ABi rpynli1 TepMOnepeTBOplOBaYiB
3BOpOTHOro nOToKy nanli1Ba. OAHoC1MeHHi Bli1XOAli1rpyn TepMOnepeTBOplOBaYiB np51Moro nOToKy
nanli1Ba Ta rpyn TepMonepeTBOplOBaYiB 3BOpOTHOro nOToKy nanli1Ba niAKnlOyeHi nonapHO AO BXOAiB
6nOKa BiAHiMaHH51.Bli1XOAli16nOKa KepyBaHH51TeMnepaTypolO 3'eAHaHi 3 BXOAaMli1BxiAHOro HarpiBaYa
np51MOrOnOToKy nanli1Ba Ta BxiAHoro HarpiBaYa 3BopOTHoro nOToKy nanli1Ba. BXOAli16nOKa KepyBaHH51
TeMnepaTypolO 3'eAHaHi 3 Bli1XOAaMli1 TepMonepeTBOplOBaYa np51MOrO nOToKy nanli1Ba Ta
TepMonepeTBOplOBaYa 3BopOTHoro nOToKy nanli1Ba. Bli1xiA 6nOKa 06Yli1CneHH51Bli1TpaT nanli1Ba e
Bli1XOAOM BCbOro npli1CTpolO. TeXHiYHli1M pe3ynbTaToM Bli1HaXOAY e niABli1ll1eHH51 TOYHOCTi
Bli1MipIOBaHH51Bli1TpaTnanli1Ba, OC06nli1BOBli1TpaTnanli1Ba 3 anbTepHaTli1BHO'iCli1POBli1Hli1.
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B~HaxiA Hane}/(~Tb AO ranY3i B~MiplOBanbHo"l TeXHiK~ i MO}/(e 6YT~ B~KOp~CTaH~C1 An5'l
B~MipIOBaHH5'l i KOHTpOnlOB~TpaT MOTOpHOrOnan~Ba.

B~MipIOBaHH5'l i KOHTpOnb B~TpaT MOTOpHOrO nan~Ba e 060B'5'l3KOBOIO CKnaAOBOIO CY4aCH~X
TexHOnoriC1 eHepr036epe}/(eHH5'l. TaKi B~npo6YBaHH5'l MalOTb Micl..\e Ha Bcix eTanaX }/(~neBOrO l..\~KnY

5 3aco6iB TpaHcnopTy, ~o MalOTb AB~ryH BHyTpiwHbOrO 3rOp5'lHH5'l:niA 4ac p03po6K~, B eKcnnyaTal..\i"l,
BCTaHOBneHH5'l HOpM B~TpaT nan~Ba. BnpOBaA}/(eHH5'l TexHonoriC1 eHepr036epe}/(eHH5'l B~cYBae
Cnel..\~epi4Hi B~Mor~ AO B~TpaTOMipiB, B~Marae niAB~~eHH5'l T04HOCTi Ta 3MeHWeHH5'l nox~6oK
B~MipIOBaHb.

HaC16inbw 6n~3bK~M 3a cyneB~M~ 03HaKaM~ AO B~HaxoAY e BiAOM~C1 KanOp~MeTp~4H~C1
10 B~TpaTOMip MOTOpHOro nan~Ba 3 niAB~~eHOIO T04HicTIO B~MipiB [1), ~o B~6paH~C1 5'lKnpoToT~n.

np~cTpiC1-npoToT~n, 5'lKi np~CTpiC1-B~HaxiA, MicT~Tb nocniAoBHo 3'eAHaHi 6noK BiAHiMaHH5'l, 6noK
norap~epMYBaHH5'l, 6noK niHiC1Ho", anpOKC~Mal..\i"I Ta 6noK o64~CneHH5'l B~TpaT nan~Ba, Tpy6Ky 3
np5'lM~M nOTOKOMnan~Ba, B 5'lKiC1p03Mi~eH~C1 HarpiBa4 np5'lMOrO nOToKy nan~Ba, no pi3Hi 60K~ 5'lKOro
p03TaWOBaHi ABi rpyn~ TepMonepeTBoplOBa4iB np5'lMoro nOToKy nan~Ba, B KO}/(HiC13 5'lK~X

15 TepMOnepeTBOplOBa4i np5'lMoro nOToKy nan~Ba p03TaWOBaHi nocniAOBHO Ha 3aAaH~x BiACTaH5'lXBiA
HarpiBa4a np5'lMoro nOToKy nan~Ba, n03a 30HOIO Ai"l 5'lKOrop03Mi~eH~C1 TepMonepeTBoplOBa4 np5'lMOrO
nOToKy nan~Ba, Tpy6Ky 3i 3BOPOTH~M nOTOKOM nan~Ba, B 5'lKiC1p03Mi~eH~C1 HarpiBa4 3BopoTHoro
nOToKy nan~Ba, no pi3Hi 60K~ 5'lKOro p03TawOBaHi ABi rpyn~ TepMonepeTBoplOBa4iB 3BopoTHoro
nOToKy nan~Ba, B KO}/(HiC13 5'lK~X TepMonepeTBoplOBa4i 3BopOTHoro nOToKy nan~Ba p03TaWOBaHi

20 nocniAOBHO Ha 3aAaH~x BiACTaH5'lXBiA HarpiBa4a 3BOpOTHOro nOToKy nan~Ba, n03a 30HOIO Ai", 5'lKOro
p03Mi~eH~C1 TepMonepeTBoplOBa4 3BopoTHoro nOToKy nan~Ba, np~4oMY oAHoC1MeHHi B~XOA~ rpyn
TepMonepeTBoplOBa4iB np5'lMoro nOToKy nan~Ba Ta rpyn TepMonepeTBoplOBa4iB 3BopoTHoro nOToKy
nan~Ba niAKnlO4eHi nonapHo AO BXOAiB 6noKa BiAHiMaHH5'l. "

npoTe Ha BiAMiHy BiA np~cTpolO-B~HaxoAY, y np~cTpo",-npoToT~ni B~XOA~ TepMonepeTBoplOBa4a
25 np5'lMOrO nOToKy nan~Ba Ta TepMonepeTBoplOBa4a 3BOpOTHOro nOToKy nan~Ba niAKnlO4eHi AO BXOAiB

6noKa BiAHiMaHH5'l.
TaKa KOHCTpyKl..\i5'lB~TpaTOMipa-npoToT~ny X04 i A03BOn5'le B~MipIOBaT~ B~TpaT~ nan~Ba AB~rYHiB

3 C~CTeMaM~ 3BopOTHoro 3n~BaHH5'l nan~Ba B 6aK (niHi5'lM~ nOBepTaHH5'l nan~Ba) [2, c. 12; 3, c. 12; 4)
Ta niAB~~ye T04HicTb B~MipIOBaHH5'l B~TpaT nan~Ba, ane He BpaxoBye cyneBy pi3H~l..\1OTeMnepaTyp

30 Ha BxoAax np5'lMoro nOToKy nan~Ba (3 6aKa) Ta 3BOpOTHOro nOToKy nan~Ba (nan~BO B~XOA~Tb 3
nan~BHoro Hacoca AB~rYHa BHyTpiwHbOro 3rOp5'lHH5'l i niAirpiBaeTbC5'l). 3 ypax)'BaHH5'lM Toro, ~o
TeMnepaTypa y c~cTeMi 3Ma~YBaHH5'l nan~BHoro Hacoca B~COKoro n;cKy A~3en5'l AOC5'lrae AeC5'lTKiB
rpaAyciB 3a l...\enbcieM (a nan~BO 3 6aKa nOAaeTbC5'l 6e3nocepeAHbO AO nan~BHoro Hacoca B~cOKoro
T~CKY), MO}/(Ha cTBep~YBaT~, ~O TeMnepaTypa nan~Ba Ha BXOAi i B~XOAi nan~BHoro Hacoca

35 B~COKOroT~CKYA~3en5'l 3MiHlOeTbC5'lcyneBo.
KpiM TOro, y nOTOKax nan~Ba 3aB~~ cnocTepiralOTbC5'l HepiBHoMipHOCTi wB~AKoCTeC1, a

BHacniAoK l..\bOrO i TeMnepaTyp, ~o niAB~~YIOTbC5'l HarpiBa4eM np5'lMoro nOToKy nan~Ba Ta
HarpiBa4eM 3BopoTHoro nOToKy nan~Ba. Oco6n~Bo l..\e cTOcyeTbC5'l A~3enbHoro MOTopHoro nan~Ba 3
AOMiwKaM~ oniC1 pocn~HHoro nOXO~eHH5'l, ~O MalOTb iHWy BiAHOCHO A~3enbHoro nan~Ba

40 TennonpOBiAHicTb, niAB~~eHY rYCT~HY Ta B'5'l3KicTb.
Bce l..\e 3YMOBnlOe Ha5'lBHicTb TeMnepaTypHo"l nox~6K~ Ta nox~6K~ B'5'l3KOroTepT5'l y np5'lMoMy Ta

3BOpOTHOMy nOTOKax nan~Ba. np~ l..\bOMY Bci BKa3aHi nox~6K~ pi3Hi i 3ane}/(aTb BiA 3Ha4eHb
TeMnepaTyp nan~Ba Ha BXOAax y Tpy6Ky np5'lMOrO nOToKy nan~Ba Ta Tpy6Ky 3BopoTHoro nOToKy
nan~Ba. A BiACYTHicTb 3aco6iB perynlOBaHH5'l TeMnepa"yP~ Ha BXOAax np5'lMOrO Ta 3BOpOTHOro

45 nOToKiB nan~Ba np~3BoA~Tb AO 3aranbHo"l nox~6K~ B~MipIOBaHH5'l B~TpaT nan~Ba B~TpaToMipOM-
npoToT~noM.

TaK~M 4~HOM, B~TpaTOMip-npOTOT~n Mae HeAOCTaTHIOT04HicTb B~MipIOBaHH5'l, oco6n~BO B~TpaT
nan~Ba 3 anbTepHaT~BHo"l C~pOB~H~.

B OCHOBy B~HaXOAY nOCTaBneHO 3aAa4Y YAOCKOHaneHH5'l Kanop~MeTp~4Horo B~TpaTOMipa
50 MOTopHoro nan~Ba 3 niAB~~eHOIO T04HicTIO B~MipiB, ~O MicT~Tb nocniAOBHO 3'eAHaHi 6nOK

BiAHiMaHH5'l, 6nOK norap~epMYBaHH5'l, 6nOK niHiC1Ho"l anpOKC~Mal..\j"' Ta 6nOK 064~CneHH5'l B~TpaT
nan~Ba, Tpy6Ky 3 np5'lM~M nOTOKOMnan~Ba, B 5'lKiC1p03Mi~eH~C1 HarpiBa4 np5'lMoro nOToKy nan~Ba, no
pi3Hi 60K~ 5'lKOrOp03TaWOBaHi ABi rpyn~ TepMOnepeTBOplOBa4iB np5'lMoro nOToKy nan~Ba, B KO}/(HiC13
5'lK~XTepMOnepeTBOplOBa4i np5'lMOrO nOToKy nan~Ba p03TaWOBaHi nocniAOBHO Ha 3aAaH~X BiACTaH5'lX

55 BiA HarpiBa4a np5'lMOrO nOToKy nan~Ba, n03a 30HOIO Ai", 5'lKOrO p03Mi~eH~C1 TepMonepeTBoplOBa4
np5'lMoro nOToKy nan~Ba, Tpy6Ky 3i 3BOPOTH~M nOTOKOM nan~Ba, B 5'lKiC1p03Mi~eH~C1 HarpiBa4
3BOpOTHOro nOToKy nan~Ba, no pi3Hi 60K~ 5'lKOrO p03TawoBaHi ABi rpyn~ TepMonepeTBoplOBa4iB
3BOpOTHOro nOToKy nan~Ba, B KO}/(HiC13 5'lK~X TepMonepeTBoplOBa4i 3BopOTHoro nOToKy nan~Ba
p03TaWOBaHi nocniAOBHO Ha 3aAaH~X BiACTaH5'lX BiA HarpiBa4a 3BopOTHoro nOToKy nan~Ba, n03a

60 30HOIO Ai", 5'lKOrop03Mi~eH~C1 TepMOnepeTBOplOBa4 3BOpOTHOro nOToKy nan~Ba, np~4oMY oAHoC1MeHHi



S\I1XOA\I1rpyn TepMOnepeTSOplOSalJis np51MOrO nOToKy nan\l1sa Ta rpyn TepMOnepeTSOplOSalJis
3S0pOTHOro nOToKy nan\l1sa niAKnlOlJeHi nOnapHO AO SXOAis 6nOKa siAHiMaHH51, Wn51XOMTaro, Ll.\0
sseAeH\I1~ 6nOK KepysaHH51 TeMnepaTypolO, S\I1XOA\I15lKOrO 3'eAHaHi 3 SXOAaM\I1sxiAHoro HarpisalJa
np51MOrO nOToKy nan\l1sa Ta sxiAHoro HarpisalJa 3S0pOTHOro nOToKy nan\l1sa, Ll.\0 sseAeHi Y Tpy6Ky

5 np51Moro nOToKy nan\l1sa Ta Tpy6Ky 3S0pOTHOro nOToKy nan\l1sa siAnosiAHO, a SXOA\I16nOKa KepysaHH51
TeMnepaTypolO 3'eAHaHi 3 S\I1XOAaM\I1 TepMonepeTSOplOSalJa np51Moro nOToKy nan\l1sa Ta
TepMonepeTSOplOSalJa 3S0pOTHOro nOToKy nan\l1sa, Ll.\06 3a6e3nelJ\I1T\I1 niAS\I1Ll.\eHH51TOlJHOCTi
S\I1MipIOSaHH51S\I1TpaTnan\l1sa, oc06n\l1so S\I1TpaTnan\l1sa 3 anbTepHaT\I1SHO'1C\I1POS\I1H\I1.

3aSA51K\I1sseAeHHIO 6nOKa KepysaHH51 TeMnepaTypolO, sxiAHoro HarpisalJa np51MOrO nOToKy
10 nan\l1sa Ta sxiAHoro HarpisalJa 3S0pOTHoro nOToKy nan\l1sa, 3a6e3nelJyeTbC51 MO>Kn\l1sicTb

perynlOsaHH51 TeMnepaTyp\l1 nan\l1sa Ha sxoAax Tpy6K\I1 np51Moro nOToKy nan\l1sa Ta Tpy6K\I1
3S0pOTHOro nOToKy nan\l1sa. CaMe 3a paxyHoK 3a6e3nelJeHH51 OAHaKOSOCTi TeMnepaTyp\l1 nOTOKis
nan\l1sa Ha SXOAax Tpy6K\I1 np51MOrOnOToKy nan\l1sa Ta Tpy6K\I13S0pOTHoro nOToKy nan\l1sa ycysaeTbC51
snn\l1s pi3H\I1LjiTeMnepaTyp np51MOrOTa 3S0pOTHOro nOTOKis nan\l1sa Ha nOX\I16K\I1S\I1MiplOsaHb. np\l1

15 LjbOMy nosHicTIO KOMneHCYIOTbC51TeMnepaTypHa nOX\I16Ka Ta nOX\I16Ka S'513KOrOTepT51, Ll.\0 cyTTeso
3MeHwye 3aranbHY nOX\I16KYS\I1MipIOSaHH51S\I1TpaT MOTOpHOro nan\l1sa, oc06n\l1so S\I1TpaT nan\l1sa 3
anbTepHaT\I1SHo"l C\I1POS\I1H\I1.

TaK\I1MlJ\I1HOM,y np\l1CTpo"l-S\I1HaXOAi3a6e3nelJyeTbC51 niAS\I1Ll.\eHH51TOlJHOCTiS\I1MipIOSaHH51S\I1TpaT
nan\l1sa, oc06n\l1so S\I1TpaTnan\l1sa 3 anbTepHaT\I1SHo"l C\I1POS\I1H\I1.

20 CYTb s\I1HaxoAY n051CHlOeTbC51KpeCneHH51M, Ae 306pa>KeHa CTpyKTypHa cxeMa S\I1TpaTOMipa-
s\I1HaxoAY·

B\I1TpaTOMip-S\I1HaxiA MiCT\I1Tb6noK 15 KepysaHH51 TeMnepaTypolO, Tpy6Ky 1 3 np51M\I1MnOTOKOM
nan\l1sa, Tpy6Ky 2 3i 3S0POTH\I1MnOTOKOMnan\l1sa Ta nocniAosHo 3'eAHaHi 6noK 16 siAHiMaHH51, 6noK
17 nOrap\l1epMysaHH51, 6noK 18 niHi~Ho'l anpOKC\I1MaLji"lTa 6noK 19 06lJ\I1cheHH51S\I1TpaTnan\l1sa.

25 Y Tpy6Lji 1 3 np51M\I1MnOTOKOMnan\l1sa Ha SXOAi np51Moro nOToKy 3 nan\l1sa SCTaHOSneH\I1~sxiAH\I1~
HarpisalJ 13 np51MOrOnOToKy nan\l1sa. B cepeA\I1Hi Tpy6K\I1 1 3 np51M\I1MnOTOKOMnan\l1sa p03MiLl.\eH\I1~
HarpisalJ 5 np51MOrO nOToKy nan\l1sa, no pi3Hi 60K\I1 5lKOrO p03TawosaHi Asi rpyn\l1 7, 8
TepMonepeTSOplOSalJis np51MOrO nOToKy nan\l1sa. B KO>KHi~3 H\I1XTepMonepeTSOplOSalJi np51Moro
nOToKy nan\l1sa p03TawosaHi nocniAOSHO Ha 3aAaH\I1X siACTaH51XXi siA HarpisalJa 5 np51MOrO nOToKy

30 nan\l1sa, n03a 30HOIO Ai'l 5lKOro p03MiLl.\eH\I1~TepMonepeTSOplOSalJ 11 np51Moro nOToKy nan\l1sa. np\l1
LjbOMy i=1 ,oo.,N1+N2, Ae N1, N2 - KinbKicTb TepMonepeTSOplOSalJis np51Moro nOToKy narl\l1sa y rpynax 7,
8 TepMOnepeTBOplOSalJis np51Moro nOToKy nan\l1sa siAnosiAHo.

Y Tpy6Lji 2 3i 3S0POTH\I1MnOTOKOMnan\l1sa Ha SXOAi 3SopoTHoro nOToKy 4 nan\l1sa sCTaHOSneH\I1~
sxiAH\I1~ HarpisalJ 14 3SopoTHoro nOToKy nan\l1sa. B cepeA\I1Hi Tpy6K\I12 3i 3S0POTH\I1MnOTOKOMnan\l1sa

35 p03MiLl.\eH\I1~HarpisalJ 6 3SopoTHoro nOToKy nan\l1sa, no pi3Hi 60K\I15lKOro p03TawosaHi Asi rpyn\l1 9, 10
TepMOnepeTBOplOSalJis 3SopoTHoro nOToKy nan\l1sa. B KO>KHi~3 H\I1XTepMOnepeTBOplOSalJi 3S0pOTHOro
nOToKy nan\l1sa p03TawosaHi nocniAOSHO Ha 3aAaH\I1XsiACTaH51XXi siA HarpisalJa 6 3SopoTHoro nOToKy
nan\l1sa, n03a 30HOIO Ai'l 5lKOro p03MiLl.\eH\I1~TepMOnepeTBOplOSalJ 12 3S0pOTHOro nOToKy nan\l1sa. np\l1
LjbOMy i=1, 00 .,N1+N2, Ae N1, N2 - KinbKicTb TepMOnepeTBOplOSalJis 3SopoTHoro nOToKy y rpynax 9, 10

40 TepMOnepeTBOplOSalJis 3S0pOTHOro nOToKy nan\l1sa siAnosiAHO, Ll.\0 AopisHlOe KinbKocTi
TepMonepeTSOplOSalJis np51MOrOnOToKy nan\l1sa y rpynax 7, 8 TepMOnepeTBOplOSalJis np51Moro nOToKy
nan\l1sa siAnosiAHo.

OAHo~MeHHi S\I1XOA\I1rpyn 7, 8 TepMonepeTSOplOSalJis np51Moro nOToKy nan\l1sa Ta rpyn 9, 10
TepMonepeTSOplOSalJis 3S0pOTHOro nOToKy nan\l1sa niAKnlOlJeHi nonapHo AO SXOAis 6noKa 16

45 siAHiMaHH51. B\I1xiA 6noKa 16 siAHiMaHH51 niAKnlOlJeH\I1~AO SXOAY 6noKa 17 nOrap\l1epMysaHH51, s\I1xiA
5lKOrO niAKnlOlJeH\I1~ AO SXOAY 6noKa 18 niHi~Ho"l.anpOKC\I1MaLji"l, s\I1xiA 5lKOrO niAKnlOlJeH\I1~ AO SXOAY
6noKa 19 06lJ\I1CneHH51S\I1TpaTnan\l1sa, s\I1xiA 51Koro e S\I1XOAOMSCboro np\l1CTpolO.

B\I1XOA\I1TepMOnepeTBOplOSalJa 11 np51MOrO npToKY nan\l1sa Ta TepMonepeTSOplOSalJa 12
3S0pOTHOro nOToKy nan\l1sa 3'eAHaHi 3 SXOAaM\I16noKa 15 KepysaHH51 TeMnepaTypolO. B\I1XOA\I16nOKa

50 15 KepysaHH51 TeMnepaTypolO niAKnlOlJeHi AO SXOAis sxiAHoro HarpisalJa 13 np51MOrOnOToKy nan\l1sa
Ta sxiAHOro HarpisalJa 14 3S0pOTHOro nOToKy nan\l1sa.

B\I1TpaTOMip-s\I1HaxiA nan\l1sa npaLjlOe TaK\I1MlJ\I1HOM.
np51M\I1~nOTiK 3 nan\l1sa, S\I1TpaT\I1f1 5lKOro nOTpi6HO s\I1Mip51T\I1,npoTiKae no Tpy6Lji 1 3 np51M\I1M

nOTOKOM nan\l1sa nOS3 sxiAH\I1~ HarpisalJ 13 np51Moro nOToKy nan\l1sa, TepMonepeTSOplOSalJ 11
55 np51Moro nOToKy nan\l1sa, HarpisalJ 5 np51Moro nOToKy nan\l1sa Ta Asi rpyn\l1 TepMonepeTSOplOSalJis 7, 8

np51Moro nOToKy nan\l1sa.
3S0POTH\I1~ nOTiK 4 nan\l1sa, S\I1TpaT\I1f2 5lKOrOTe>K He06xiAHO s\I1Mip51T\I1,npoTiKae no Tpy6Lji 2 3i

3S0POTH\I1M nOTOKOM nan\l1sa nOS3 sxiAH\I1~ HarpisalJ 14 3S0pOTHOro nOToKy nan\l1sa,
TepMonepeTSOplOSalJ 12 3S0pOTHOro nOToKy nan\l1sa, HarpisalJ 6 3sopOTHOro nOToKy nan\l1sa Ta Asi

60 rpyn\l1 TepMOnepeTBOplOSalJis 9, 10 3SopoTHoro nOToKy nan\l1sa.



3a gaH~M~ TepMonepeTBop~Ba4a 11 np~Moro nOToKy nan~Ba Ta TepMonepeTBop~Ba4a 12
3BopoTHoro nOToKy nan~Ba 6noK 15 KepYBaHH~ TeMnepaTYPo~ 3a gonoMoro~ BxigHoro HarpiBa4a 13
np5'lMOrO nOToKy nan~Ba Ta BxigHoro HarpiBa4a 14 3BopoTHoro nOToKy nan~Ba BCTaHOBn~e (3a
paxyHoK eneKTp~4Ho"l eHepri'1 g)l(epena )I(~BneHH~, Ha cxeMi He nOKa3aHO) Ha Bxogax Tpy6K~ 1

5 np5'lMOrO nOToKy nan~Ba Ta Tpy6K~ 2 3BOpOTHOro nOToKy nan~Ba ogHaKoBy TeMnepaTypy nOToKiB
nan~Ba.

HarpiBa4 5 np5'lMOrO nOToKy nan~Ba Ta HarpiBa4 6 3BOpOTHOro nOToKy nan~Ba nigirpiBa~Tb
np5'lM~1ii 3 Ta 3BOPOTH~1ii4 nOTOK~ nan~Ba Ta CTBOP~~Tb B H~X TeMnepaTypHe none. 3Ha4eHH5'l
TeMnepaTYP~ np~Moro 3 Ta 3BopoTHoro 4 nOToKiB nan~Ba 3ane)l(aTb Big B~TpaT nan~Ba f1 Ta f2

1 0 (wB~gKocTelii nOTOKiB), BigcTaHelii Big HarpiBc34a 5 np5'lMoro nOToKy nan~Ba go KO)l(HOrO
TepMonepeTBop~Ba4a np5'lMOrO nOToKy nan~Ba y rpynax 7, 8 TepMonepeTBop~Ba4iB np~Moro nOToKy
nan~Ba Ta BigcTaHelii Big HarpiBa4a 6 3BOpOTHOro nOToKy nan~Ba go KO)l(HOroTepMonepeTBop~Ba4a
3BopoTHoro nOToKy nan~Ba y rpynax 9, 1a TepMonepeTBop~Ba4iB 3BopoTHoro nOToKy nan~Ba Ta
36inbwY~TbC5'l (nepeg HarpiBa4eM 5 np5'lMoro nOToKy nan~Ba Ta HarpiBa4eM 6 3BopoTHoro nOToKy

15 nan~Ba) a60 3MeHwY~TbC5'l (nicn~ HarpiBa4a 5 np~Moro nOToKy nan~Ba Ta HarpiBa4a 6 3BopoTHoro
nOToKy nan~Ba) 3a eKCnOHeHL1ianbH~M 3aKOHOM. np~ L1bOMy 3a TeMnepaTypaM~ nan~Ba, Ll.\0
CTBOP~~TbC5'l HarpiBa4eM 5 np5'lMOrO nOToKy nan~Ba Ta HarpiBa4eM 6 3BopoTHoro nOToKy nan~Ba i
epiKCY~TbC5'l rpynaM~ 7, 8 TepMonepeTBop~Ba4iB np5'lMoro nOToKy nan~Ba Ta rpynaM~ 9, 10
TepMonepeTBop~Ba4iB 3BopoTHoro nOToKy nan~Ba, MO)l(Ha B~3Ha4~T~ B~TpaT~ nan~Ba y np~MoMY 3

20 Ta 3BOpOTHOMy4 nOTOKax nan~Ba [5, c. 329].
Pe3ynbTaT~ B~Mip~BaHH~ TeMnepaTYP~ nan~Ba B 30Hax gi'l HarpiBa4a 5 np5'lMOrO nOToKy nan~Ba

Ta HarpiBa4a 6 3BOpOTHOro nOToKy nan~Ba 3 ogHoliiMeHH~x B~xogiB rpyn 7, 8 TepMonepeTBop~Ba4iB
np~Moro nOToKy nan~Ba Ta rpyn 9, 1a TepMonepeT8op~Ba4iB 3BopoTHoro nOToKy nan~Ba Hagxog5'lTb
nonapHo Ha BXOg~ 6noKa 16 BigHiMaHH5'l, ge 064~cn~eTbc~ pi3Hli1L15'lTeMnepaTyp Mi)l( BKa3aH~M~

25 TepMonepeTBop~Ba4aM~ gn5'l np~Moro 3 Ta 3BopoTHoro 4 nOToKiB nan~Ba.
B~Mip5'lHe 3Ha4eHH~ B~TpaT nan~Ba 3a Ha5'lBHicT~ nox~60K y np5'lMoMy nOToL1i3 nan~Ba (nan~Bo,

Ll.\0Big6~paeTbC5'l 3 6aKy) gopiBH~e:

30 ge: 01 - iCT~HHe 3Ha4eHH~ B~TpaT nan~Ba y np5'lMoMy nOToL1i3 nan~Ba;

L-.T, L-.BT, L-.IH - TeMnepaTypHa nox~6Ka, nox~6Ka c~n~ B'5'l3KOrOTepT5'l Ta iHWi nox~6K~ y
1 1 1

np~MOMY nOToL1i3 nan~Ba BignoBigHo.
B~Mip5'lHe 3Ha4eHH~ B~TpaT nan~Ba 3a Ha5'lBHicT~ nox~60K y 3BOpOTHOMy nOToL1i 4 nan~Ba

(nan~Bo, Ll.\0nOBepTaeTbC5'l go 6aKy) gopiBH~e:

ge: O2 - iCT~HHe 3Ha4eHH5'l B~TpaT nan~Ba y 3BOpOTHOMy nOToL1i4 nan~Ba;

L-.T ' L-.BT ,L-.1H - TeMnepaTypHa nox~6Ka, nox~6Ka c~n~ B'5'l3KOrOTepT5'l Ta iHWi nox~6K~ y
2 2 2

3BOpOTHOMy nOToL1i4 nan~Ba BignoBigHO.
40 OCKinbK~ B~TpaTa nan~Ba, Ll.\0 Hagxog~Tb y gB~rYH BHYTPiWHbOro 3rOp5'lHH~, - L1epi3H~L15'lMi)l( (1)

Ta (2), TO cyMapHa TeMnepaTypHa nox~6Ka, cyMapHa nox~6Ka c~n~ B'5'l3KOrOTepT5'l Ta iHWi nig 4ac
P060T~ gB~rYHa 3aB)I(g~ 3MeHwyeTbC5'l. BHacnigoK P060T~ 6noKa 15 KepYBaHH~ TeMnepaTYpo~,
BxigHoro HarpiBa4a 13 np5'lMOrO nOToKy nan~Ba Ta BxigHoro HarpiBa4a 14 3BOpOTHOro nOToKy nan~Ba,
TeMnepaTypa np5'lMoro nOToKy 3 nan~Ba Ta 3BOpOTHOro nOToKy 4 nan~Ba Ha6n~)I(a~TbC~ ogHa go

45 OgHo'l:

ge: TBX - TeMnepaTypa nan~Ba Ha Bxogi Tpy6K~ 1 np5'lMoro nOToKy nan~Ba;
1

TBX - TeMnepaTypa nan~Ba Ha Bxogi Tpy6K~ 2 3BOpOTHOro nOToKy nan~Ba.
2

50 T06TO, gn5'l Tpy6K~ 1 np~Moro nOToKy nan~Ba Ta gn5'l Tpy6K~ 2 3BopoTHoro nOToKy nan~Ba
TeMnepaTypHa nox~6Ka Ta nox~6Ka c~n~ B'~3KOro TepT~ 3MeHwY~TbC5'l, a 3Ha4~Tb 3MeHwYeTbC5'l
cyMapHa TeMnepaTypHa nox~6Ka Ta cyMapHa nox~6Ka c~n~ B'5'l3KOrOTepT5'l BCbOro np~nagy. We



npl'13S0AI'1Tb niASI'1Ll.\eHHfl TOYHOCTi SI'1MiplOSaHHfl SI'1TpaT naJlI'1Sa, oc06Jll'1s0 SI'1TpaT naJlI'1Sa 3
aJlbTepHaTI'1SHO"iCI'1POSI'1HI'1.

npl'1 l..\bOMYSI'1TpaTa naJlI'1Sa y npflMoMy nOTol..\i 3 naJll'1sa 3aS>K,Q1'16iJlbWa, Hi>Ky 3S0pOTHOMy
nOTol..\i 4 naJll'1sa (Asl'1ryH cnO>Kl'1sae nOTpi6Hy KiJlbKicTb naJll'1sa, a 3ac.1se naJlI'1SO nosepTaeTbcfl AO

5 6aKa), a60 AopisHlOe "ic.1(ASl'1ryH He npal..\lOe, sce naJll'1S0 nosepTaeTbCfl AO 6aKY).
BI'1TpaTa naJll'1sa 6e3nocepeAHbo ASl'1ryHoM CKJlaAae:

71KSI'1AHO3 (4), MaeMO 3MeHweHHfl TeMnepaTypHo"i nOXI'16KI'1,nOXI'16KI'1CI'1JlI'1S'fl3KOro TepTfl. OT>Ke,
10 MaeMO i 3MeHweHHfl cyMapHo"i nOXI'16KI'1SI'1MiplOSaHHfl SI'1TpaTnaJll'1sa.

,QaJli pe3YJlbTaTI'1 06YI'1C1leHo"ipi3HI'1l..\iTeMnepaTyp siAnosiAHI'1X TepMOnepeTBOplOSaYis npflMoro 3
Ta 3SopoTHoro 4 nOToKis naJll'1sa HaAXOAflTb Ha sxiA 6JlOKa 17 JlOrapl'1epMysaHHfl, Ae SI'13HayaeTbCfl
3aJle>KHicTb T(x) TeMnepaTypl'1 y 3aAaHic.1TOYl..\inOToKy naJll'1sa siA siAcTaHi x l..\ie"iTOYKI'1AO HarpisaYa
5 npflMoro nOToKy naJll'1sa S Tpy6l..\i 1 npflMoro nOToKy naJll'1sa Ta HarpisaYa 6 3SopoTHoro nOToKy

15 naJll'1sa S Tpy6l..\i 2 3SopoTHoro nOToKy naJll'1sa.
3 6JlOKa 17 JlOrapl'1epMysaHHfl AaHi HaAXOAflTb Ha sxiA 6JlOKa 18 JliHic.1HO"ianpOKCI'1Mal..\iL5JlOK 18

JliHic.1HO"ianpOKCI'1Mal..\i"i npOSOAI'1Tb anpOKCI'1Mal..\ilO 3aJle>KHOCTi T(x), Ll.\0 HaAaHa 6JlOKOM 17
JlOrapl'1epMysaHHfl. 5JlOK 19 06YI'1CJleHHfl SI'1TpaT naJll'1sa SI'13Hayae nOTOYHi 3HayeHHfl WSI'1AKOCTi
nOToKy naJll'1sa Ta, siAnosiAHo, c.1oro SI'1TpaT 3 ypaxysaHHflM KOHCTpyKTI'1SHI'1XAaHI'1X, Hanpl'1KJlaA,

20 nepepi3is Tpy6KI'1 1 3 npflMI'1M nOTOKOMnaJll'1sa Ta Tpy6KI'1 2 3i 3S0POTHI'1MnOTOKOMnaJll'1sa. 3HayeHHfl
06'eMHo"i Ta Macoso"i SI'1TpaTnaJll'1sa OTpl'1MYIOTb3a siAOMI'1MI'1epopMyJlaMI'1 [5, c. 239; 6, c. 245-247].

,QJlfl nepesipKI'1 npal..\e3AaTHocTi npl'1cTpolO-sl'1HaxoAY 6yJlo cTsopeHo Ta AOcJliA>KeHOc.1oroAiIOYI'1c.1
MaKeT. 71K Tpy6Ky 1 3 npflMI'1M nOTOKOMnaJll'1sa Ta Tpy6Ky 2 3i 3S0POTHI'1MnOTOKOM naJll'1sa 6yJlo
SI'1KOpl'1CTaHOMeTaJlesi Tpy6KI'1 AiaMeTpoM 20 MM Ta AOS>KI'1HOIO400 MM. 71K A>KepeJla >KI'1SJleHHfl

25 SI'1KOpl'1cTosysaJlI'16JlOK >KI'1SJleHHflnocTic.1Horo CTpyMy 55-47 3 Sl'1xiAHOIOHanpyrolO 12 B. Harpisay 5
npflMoro nOToKy naJll'1sa, HarpisaY 6 3S0pOTHOro nOToKy naJll'1sa, sxiAHI'1c.1HarpisaY 13 npflMoro
nOToKy naJll'1sa Ta sxiAHI'1c.1HarpisaY 14 3SopoTHoro nOToKy naJll'1sa 6yJll'1 Sl'1rOTOSJleHi 3 APOTy
SI'1COKOrOeJleKTpl'1YHoro onopy (HixpOM - X20H80) Y Sl'1rJlflAi l..\I'1JliHAPI'1YHI'1XKOTyWOK.

Y MaKeTHoMy 3pa3KY 6yJlO SI'1KOpl'1CTaHOno CiM TepMonepeTSOplOSaYis npflMoro nOToKy naJll'1sa y
30 KO>KHic.13 rpyn 7, 8 TepMonepeTSOplOSaYis npflMoro nOToKy naJll'1sa Ta nO CiM TepMOnepeTBOplOSaYis

3SopoTHoro nOToKy naJll'1sa y KO>KHic.13 rpyn 9, 10 TepMonepeTSOplOSaYis 3S0pOTHOro nOToKy naJll'1sa.
71K sci TepMonepeTSOplOSaYi 3acTocosysaJll'1 TpaH31'1CTOpl'1KT342, S flKI'1X 3MiHIOeTbcfl CTpyM
KOJleKTOpa niA yac 3MiHI'1TeMnepaTypl'1 S npflMoMy 3 Ta 3S0pOTHOMy 4 nOTOKax naJll'1sa.

BiAcTaHb siA HarpisaYa 5 npflMoro nOToKy naJll'1sa AO nepworo TepMOnepeTBOplOSaYa npflMoro
35 nOToKy naJll'1sa S rpynax 7, 8 TepMonepeTOplOSaYis npflMoro nOToKy naJll'1sa AOpisHIOSaJla 3 CM, AO

OCTaHHboro TepMonepeTOplOSaYis npflMoro nOToKy naJll'1sa AOpisHIOSaJla 3 CM, AO OCTaHHboro - 8 CM.
TaKO>K i siACTaHb siA HarpisaYa 6 3SopoTHoro nOToKy naJll'1sa AO nepworo TepMonepeTSOplOSaYa
3sopOTHOro nOToKy naJll'1sa S rpynax 9, 10 TepMonepeTSOplOSaYis 3S0pOTHOro nOToKy naJll'1sa Te>K
AOpisHIOSaJla 3 CM, AO OCTaHHboro - 8 CM.

40 XapaKTepl'1CTI'1KI'1SI'1TpaTOMipa-SI'1HaXOAYAOCJliA>KysaJlI'1Cfl Ha AilOYOMY MaKeTi AJlfl Aiana30Hy
SI'1TpaT naJll'1sa ASl'1ryHa SHyTpiwHboro 3ropflHHfl, Ll.\0 npal..\lOe Ha pi3HI'1X WSI'1AKiCHI'1XTa
HaSaHTa>KysaJlbHI'1X pe>KI'1Max. ,QJlfl AOcJliA>KeHb sI'1Kopl'1c10sysaJlOCfl AI'13eJlbHe MOTopHe naJll'1S0
3riAHO ,QCTY 3868-99 "naJll'1so A1'13eJlbHe.TeXHiYHi YMOSI'1".

,QJlfl nopisHflHHfl SI'1TpaTOMipa-SI'1HaXOAY 3 SI'1TpaTOMipOM-npOTOTl'1nOMCnOyaTKY sl'1MiplOSaJlI'1
45 SI'1TpaTI'1naJll'1sa 6e3 SI'1KOpl'1CTaHHfl6JlOKa 15 KepysaHHfl TeMnepaTypolO. nOTiM SMI'1KaIlI'16IlOK 15

KepysaHHfl TeMnepaTypolO, flKI'1c.1Ha oCHosi AaHI'1XTepMOnepeTBOplOSaYa 11 npflMoro nOToKy naJll'1sa
Ta TepMonepeTSOplOSaYa 12 3SopoTHoro nOToKy naIlI'1Sa 3a AonoMorolO sxiAHoro HarpisaYa 13
npflMoro nOToKy naIlI'1Sa Ta sxiAHOro HarpisaYa 14 3sopOTHOro nOToKy naIl 1'1sa CTsoplOsas
TeMnepaTypy naIl 1'1sa Ha SXOAax Tpy6KI'1 1 npflMoro nOToKy naJll'1sa Ta Tpy6KI'1 2 3SopoTHoro nOToKy

50 naIlI'1Sa OAHaKOSI'1MI'1.
B pe3yIlbTaTi AOcJliA>KeHb sCTaHosIleHO, Ll.\0nOXI'16KaSI'1MiplOSaHbSI'1TpaTnaIlI'1Sa SI'1TpaTOMipOM-

SI'1HaXOAOMnopiSHflHO 3 SI'1TpaTOMipOM-npOTOTl'1nOM3MeHWI'1IlaCfl Ha 7-13 %.
TaKI'1M YI'1HOM, sl'1TpaTOMip-SI'1HaxiA 3a6e3neyye niASI'1Ll.\eHHfl TOYHOCTi sl'1MiplOSaHb SI'1TpaT

naIlI'1Sa, OC06Ill'1S0 SI'1TpaTnaIlI'1Sa 3 aIlbTepHaTI'1SHo"i CI'1POSI'1HI'1.
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15 KaIlOpIi1MeTpIi1YHIi1i.1BIi1TpaTOMip MOTopHoro naIlIi1Ba 3 nigBIi1l.L\eHOIOTOYHiCTIOBIi1MlpIB, l.L\O MiCTIi1Tb
nocIligoBHO 3'e:gHaHi 6IlOK (16) BigHiMaHH51, 6IlOK (17) IlOrapli1epMyBaHH51, 6IlOK (18) IliHii.1HO"l
anpOKCIi1Mal.\i"lTa 6IlOK (19) o6YIi1CneHH51BIi1TpaTnaIlIi1Ba, Tpy6Ky (1) 3 np51MIi1MnOTOKOMnaIlIi1Ba, B 5lKii.1
p03Mil.L\eHIi1i.1HarpiBaY (5) np51Moro nOToKy naIlIi1Ba, no pi3Hi 60KIi15lKOrOp03TawoBaHi gBi rpynli1 (7, 8)
TepMonepeTBOplOBaYiB np51MOrO nOToKy naIlIi1Ba, B KO>KHii.13 5lKIi1XTepMOnepeTBOplOBaYi np51MOrO

20 nOToKy naIlIi1Ba p03TaWOBaHi nocIligoBHO Ha 3agaHIi1x BigcTaH51X Big HarpiBaYa (5) np51MOrO nOToKy
naIlIi1Ba, n03a 30HOIO gi"l 5lKOrO p03Mil.L\eHIi1i.1TepMOnepeTBOplOBaY (11) np51MOrO nOToKy naIl Ii1Ba,
Tpy6Ky (2) 3i 3BOPOTHIi1MnOTOKOM naIlIi1Ba, B 5lKii.1p03Mil.L\eHIi1i.1HarpiBaY (6) 3BopoTHoro nOToKy
naIlIi1Ba, no pi3Hi 60KIi1 5lKOrO p03TawoBaHi gBi rpynli1 (9, 10) TepMonepeTBOplOBaYie 3BOpOTHOro
nOToKy naIlIi1Ba, B KO>KHii.13 5lKIi1XTepMonepeTBOplOBayj 3BopOTHdro nOToKy naIlIi1Ba p03TawOBaHi

25 nocIligoBHo Ha 3agaHIi1x BigcTaH51X Big HarpiBaYa (6) 3BopoTHoro nOToKy naIlIi1Ba, n03a 30HOIO gi'l
5lKOrO p03Mil.L\eHIi1i.1TepMonepeTBOplOBaY (12) 3BopoTHoro nOToKy naIlIi1Ba, npli1YOMY ogHoi.1MeHHi
BIi1XOgli1 rpyn (7, 8) TepMonepeTBOplOBaYiB np51MOrO nOToKy naIlIi1Ba Ta rpyn (9, 10)
TepMonepeTBOplOBaYiB 3BopoTHoro nOToKy naIlIi1Ba nigKIllOyeHi nonapHo go Bxogie 6IloKa (16)
BigHiMaHH51,5lKIi1i.1BiApi3HSlE:TbCSl TIi1M, l.L\OBBegeHIi1i.16IlOK (15) KepyBaHH51TeMnepaTypolO, BIi1XOgli1

30 5lKOrO3'e:gHaHi 3 BxogaMIi1 BxigHoro HarpiBaYa (13) np51MOrOnOToKy naIlIi1Ba Ta BxigHOro HarpiBaYa
(14) 3BOpOTHOro nOToKy naIl Ii1Ba, l.L\OBBegeHi y Tpy6Ky (1) np51MOrO nOToKy naIlIi1Ba Ta Tpy6Ky (2)
3BOpOTHOro nOToKy naIlIi1Ba BignoBigHo, a BXOgli1 6IloKa (15) KepyBaHH51TeMnepaTypolO 3'e:gHaHi 3
Bli1xogaMIi1 TepMonepeTBOplOBaYa (11) np51Moro nOToKy naIlIi1Ba Ta TepMonepeTBOplOBaYa (12)
3BOpOTHOro nOToKy naIlIi1Ba.


