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Kanop>1MeTpli14HIi1I11BIi1TpaTOMip MOTOpHOrO nanli1Ba 3 ni,l:\BIi1Ll.\eHOIOT04HicTIO BIi1MlplB Hane>KIi1Tb ,1:\0
BIi1MiplOBanbHo'i TeXHiKIi1. BIi1TpaTOMip MiCTIi1Tb Tpy6Ky 3 np51MIi1M nOTOKOM nanli1Ba, Tpy6Ky 3i
3BOPOTHIi1MnOTOKOMnanli1Ba Ta nOCni,l:\OBHO3'e,l:\HaHi 6I10K Bi,l:\HiMaHH51,6nOK I10rapli1epMyBaHH51,6nOK
niHill1Ho'i anpOKCIi1Mal..\i·iTa 6nOK 0641i1CneHH51BIi1TpaT naI1Ii1Ba. B Tpy6l..\i 3 np51MIi1MnOTOKOM nanli1Ba
p03MiLl.\eHIi1I11HarpiBa4 npflMoro nOToKy nanli1Ba. nO pi3Hi 60KIi1 Bi,l:\HarpiBa4a np51MOrOnOToKy nanli1Ba
p03TaWOBaHi ,l:\Bi rpynli1 TepMonepeTBoplOBa4iB np51MOrO nOToKy nanli1Ba. B KO>KHill13 HIi1X
TepMonepeTBoplOBa4i np51MOrO nOToKy nanli1Ba p03TaWOBaHi nOCni,l:\OBHOHa 3a,qaHIi1X Bi,qCTaH51XBi,l:\
HarpiBa4a np51Moro nOToKy nanli1Ba. n03a 30HOIO ,l:\iI HarpiBa4a np51Moro nOToKy nanli1Ba p03MiLl.\eHIi1I11
TepMonepeTBoplOBa4 np51Moro nOToKy nanli1Ba. B Tpy6l..\i 3i 3BOPOTHIi1MnOTOKOMnanli1Ba p03MiLl.\eHIi1I11
HarpiBa4 3BOpOTHOro nOToKy nanli1Ba. no pi3Hi 60KIi1 Bi,q HarpiBa4a 3BopOTHoro nOToKy nanli1Ba
p03TaWOBaHi ,l:\Bi rpynli1 TepMonepeTBoplOBa4iB 3BOpOTHOro nOToKy nanli1Ba. B KO>KHill13 HIi1X
TepMOnepeTBOplOBa4i 3BOpOTHOro nOToKy nanli1Ba p03TaWOBaHi nOCni,l:\OBHOHa 3a,l:\aHIi1XBi,l:\CTaH51X
Bi,l:\ HarpiBa4a 3BopOTHoro nOToKy nanli1Ba. n03a 30HOIO ,l:\i"iHarpiBa4a 3BOpOTHOro nOToKy nanli1Ba
p03MiLl.\eHIi1I11TepMonepeTBoplOBa4 3BOpOTHOro nOToKy nanli1Ba. BIi1XO,l:\Ii1TepMonepeTBoplOBa4a
np51Moro nOToKy nanli1Ba Ta TepMonepeTBoplOBa4a 3BOpOTHOro nOToKy nanli1Ba, a TaKO>KO,l:\HOIl1MeHHi
BIi1XO,l:\Ii1rpyn TepMOnepeTBOplOBa4iB np51MOrO nOToKy nanli1Ba Ta rpyn TepMonepeTBoplOBa4iB
3BopOTHoro nOToKy nanli1Ba ni,l:\KnlO4eHi nonapHO ,1:\0 BXO,l:\iB 6nOKa Bi,l:\HiMaHH51. Bli1xi,q 6nOKa
0641i1CneHH51BIi1TpaT nanli1Ba e BIi1XO,l:\OMBCbOro npli1CTpolO. TeXHi4HIi1M pe3ynbTaToM e BIi1MipIOBaHH51
BIi1TpaT nanli1Ba ,l:\Bli1ryHiB 3 CIi1CTeMaMIi13BopOTHoro 3nIi1BaHH51nanli1Ba B 6aK (niHi51MIi1nOBepTaHH51
nanli1Ba) Ta ni,l:\BIi1Ll.\eHH51T04HOCTi BIi1MipIOBaHH51BIi1TpaTMOTopHoro nanli1Ba.
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B\I1Haxi,Q Hane>K\I1Tb ,QO ranY3i B\I1MiptOBanbHo"i TeXHiK\I1 i MO>Ke 6YT\I1 S\I1KOp\l1CTaH\I11it,Qn~
S\I1MiptOsaHH~ i KOHTpOntOB\I1TpaTMOTOpHOro nan\l1Ba.

B\I1MiptOsaHH~ i KOHTpOnb B\I1TpaT MOTOpHOro nan\l1Ba e 060B'~3KOSOtO CKna,QOBOtOcyyaCH\I1X
TeXHonorilit eHepr036epe>KeHH~. TaKi B\I1np06YBaHH~ MatOTb Micl.\e ni,Q yac p03p06K\I1, eKcnnyaTal.\i'i,

5 BCTaHosneHH~ Ta 06rpYHTYBaHH~ HOpM S\I1TpaT nan\l1sa 3ac06is TpaHcnopTy, 1.lI0 MatOTb ,Qs\I1rYH
BHyTpiwHbOro 3roP~HH~. BnpOSa,Q>KeHH~TexHonorilit eHepro36epe>KeHH~ B\I1cYBae Cnel.\\I1epiYHiB\I1MOr\l1
,Qo B\I1TpaTOMipis, B\I1Marae ni,QS\I1l.l1eHH~TOYHOCTiTa 3MeHweHH~ nOX\I160KB\I1MiptOBaHb.

Halit6inbw 6n\l13bK\I1M 3a cyneB\I1M\I1 03HaKaM\I1 ,Qo s\I1Haxo,Qy e Si,QOM\I11itKanOp\l1MeTp\l1YH\I11it
B\I1TpaTOMip MOTOpHOro nan\l1sa 3 l.\\I1eppOSOtO06po6.KOtO B\I1MiptOsanbHo"i iHepopMal.\i'i [1], 1.lI0 B\I16paH\I11it

1 0 ~K npOTOT\I1n.
np\l1CTpilit-npOTOT\I1n, ~K i np\l1cTpilit-S\I1Haxi,Q,MiCT\I1TbnoCni,QOSHO3'e,QHaHi 6nOK nOrap\l1epMysaHH~,

6noK niHilitHo'i anpOKC\I1Mal.\i'iTa 6nOK 06Y\I1CneHH~ S\I1TpaTnan\l1Ba, Tpy6Ky 3 np~M\I1M nOTOKOMnan\l1Sa,
S ~Kilit p03Mil.lleH\I11it HarpisaY np~MOrO nOToKy nan\l1sa, no pi3Hi 60K\I1 ~KOro p03TawosaHi ,QBi rpyn\l1
TepMOnepeTBOptOBaYiB np~Moro nOToKy nan\l1sa, B KO>KHilit3 ~K\I1XTepMonepeTSOptOBaYi np~Moro

15 nOToKy nan\l1sa p03TawosaHi nocni,QOBHO Ha 3a,QaH\I1X Bi,QCTaH~x si,Q HarpiBaYa np~Moro nOToKy
nan\l1Ba, n03a 30HOtO ,Qi'i~KOro p03Mil.lleH\I11itTepMonepeTBOptOBaY np~Moro nOToKy nan\l1sa.

npoTe Ha Si,QMiHy si,Q np\l1CTpOtO-S\l1Haxo,Qy,np\l1cTpiVl-npOTOT\I1nMicT\I1TbTp\l1 nocni,QosHO 3'e,QHaHi
6noK\I1 - 6noK nOrap\l1epMYBaHH~, 6noK niHiVlHo"i anpOKC\I1Mal.\i'iTa 6noK 06Y\I1CneHH~ S\I1TpaTnan\l1sa Ta
n\l1we O,QHYTpy6Ky 3 np~M\I1M nOTOKOMnan\l1sa, B ~KiVl p03Mil.lleH\I1Vl HarpiBaY np~Moro nOToKy nan\l1Ba,

20 no pi3Hi 60K\I1~Koro p03TawOBaHi ,Qsi rpyn\l1 TepMOnepeTBOptOBaYiB np~Moro nOToKy nan\l1Ba, B KO>KHilit
3 5lK\I1X TepMonepeTsOptOsaYi np51Moro nOToKy nan\l1Ba p03TaWOBaHi nocni,QOBHO Ha 3a,QaH\I1X
Bi,QCTaH51X Bi,Q HarpiBaYa np51MOrO nOToKy nan\l1Ba, n03a 30HOtO ,Qi'i 5lKOrO p03Mil.lleH\I1Vl
TepMOnepeTBoptOsaY np~Moro nOToKy nan\l1sa. .

TaKa KOHCTPYKl.\i~B\I1TpaTOMipa-npoToT\I1ny He ,Q03s0n~e B\I1MiptOSaT\I1B\I1TpaT\I1nan\l1sa ,QB\I1rYHis3
25 C\I1CTeMaM\I13BOpOTHOro 3n\l1BaHH~ nan\l1sa B 6aK (niHi~M\I1 nosepTaHH51 nan\l1sa), Hanp\l1Kna,Q, ,Q\I13eniB,

iH>KeKTOpH\I1X,QB\I1rYHiB[2, c.12; 3, C 12; 4].
KpiM Toro, y nOTol.\i nan\l1Ba 3aB>K,Q\I1cnocTepiratOTbC~ HepisHoMipHOCTi WS\l1,QKocTeVl,a, sHacni,QoK

l.\bOro, i TeMnepaTyp, 1.lI0 ni,QB\I1l.l1ytOTbC~HarpisaYeM np~Moro nOToKy nan\l1Ba. OC06n\l1BO l.\e
cTocyeTbC51 ,Q\I13enbHOro MOTopHoro nan\l1sa 3 ,QoMiwKaM\I1 oniVl pOCn\l1HHoro nOXO,Q>KeHH~,1.lI0 MatOTb

30 iHWy Bi,QHOCHO,Q\I13enbHoro nan\l1Ba Tennonposi,QHicTb, ni,Qs\l1l.l1eHYrycT\I1HY Ta B'~3KicTb. Bce l.\e
3YMoBntOe Ha~BHicTb TeMnepaTypHo"i nOX\I16K\I1Ta nOX\I160K c\I1n\l1 T~>KiHH~, c"pYMoni,Qse,QeHH~ i
s'~3KOro TepT~. A Si,QCYTHicTb 3ac06is KOMneHCal.\i'i nOX\I160K np\l1 l.\bOMY np\l13Bo,Q\I1Tb,QO 3HaYHo"i
3aranbHo'i nOX\I16K\I1B\I1MiptOBaHH~B\I1TpaTnan\l1Ba B\I1TpaTOMipoM-npOTOT\I1noM.

TaK\I1M Y\I1HOM, S\l1TpaTOMip-npOTOT\I1n He MO>Ke 6YT\I1 3aCTOCOBaH\I1Vl,Qn~ B\I1MiptOSaHH~ B\I1TpaT
35 nan\l1sa 3 C\I1CTeMaM\I13BopOTHoro 3n\l1BaHH~ nan\l1Ba B 6aK (niHi~M\I1 nOBepTaHH~ nan\l1Ba) Ta Mae

H\I13bKYTOYHiCTb s\l1MiptOBaHH51,OC06n\l1BO S\l1TpaTnan\l1Ba 3 anbTepHaT\I1SHO'i C\I1POB\I1H\I1.
B OCHOSy B\I1Haxo,Qy nOCTasneHO 3a,Qayy y,QOCKOHaneHH~ KanOp\l1MeTp\l1YHoro S\I1TpaTOMipa

MOTOpHOro nan\l1Ba 3 l.\\I1epPOBOtO06p06KOtO s\I1MiptOsanbHo"i iHepopMal.\i'i, 1.lI0 MiCT\I1Tb nocni,QOBHO
3'e,QHaHi 6nOK nOrap\l1epMysaHH~, 6nOK niHiVlHo"i anpOKC\I1Mal.\i'i Ta 6nOK 06Y\I1CneHH~ B\I1TpaT nan\l1sa,

40 Tpy6Ky 3 np~M\I1M nOTOKOM nan\l1Ba, S ~KiVl p03Mil.lleH\I1Vl HarpiBaY np~Moro nOToKy nan\l1Ba, no pi3Hi
60K\I1 5lKOro p03TaWOBaHi ,QBi rpyn\l1 TepMOnepeTBOptOBaYis np~Moro nOToKy nan\l1sa, S KO>KHiVl3 ~K\I1X
TepMonepeTBOptOBaYi np~Moro nOToKy nan\l1Ba p03TaWOBaHi nocni,QOBHO Ha 3a,QaH\I1XBi,QCTaH51XBi,Q
HarpiBaYa np~Moro nOToKy nan\l1sa, n03a 30HOtO ,Qi'i~Koro p03Mil.lleH\I1Vl TepMOnepeTBoptOsaY np~Moro
nOToKy nan\l1sa, wn~XOM Toro, 1.lI0 ,QO,QaTKOBOSBe,QeHi onOK Bi,QHiMaHH51Ta Tpy6Ka 3i 3BOPOTH\I1M

45 nOTOKOM nan\l1sa, B ~Kilit p03Mil.lleH\I11it HarpiBaY 3BopoTHoro nOToKy nan\l1sa, no pi3Hi 60K\I1 ~Koro
p03TawosaHi ,QBi rpyn\l1 TepMonepeTBOptOBaYiB 3BOpOTHOro nOToKy nan\l1sa, S KO>KHiVl3 5lK\I1X
TepMonepeTSOptOBaYi 3BopOTHoro nOToKy nan\l1Ba p03TawosaHi nocni,QOBHO Ha 3a,QaH\I1Xsi,QCTaH~X
Bi,Q HarpiBaYa 3BOpOTHOro nOToKy nan\l1sa, n03a 30HOtO ,Qi'i 5lKOrO p03Mil.lleH\I1Vl TepMonepeTBOptOBaY
3BopOTHoro nOToKy nan\l1Ba, a S\I1XO,Q\I1TepMOnepeTBoptOsaYa np~Moro nOToKy nan\l1Ba Ta

50 TepMonepeTBOptOBaYa 3SopoTHoro nOToKy nan\l1Ba, a TaKO>K O,QHOVlMeHHi B\I1XO,Q\I1 rpyn
TepMonepeTBOptOBaYiB np51MOrO nOToKy nan\l1Ba Ta rpyn TepMonepeTBOptOBaYis 3SopoTHoro nOToKy
nan\l1sa ni,QKntOyeHi nonapHo ,Qo Bxo,QiB 6noKa Bi,QHiMaHH~, B\I1xi,Q5lKOrO 3'e,QHaH\I1Vli3 BXO,QOM6noKa
nOrap\l1epMyBaHH51, 1.lI06 3a6e3neY\I1T\I1 MO>Kn\11SiCTb s\I1MiptOBaHH~ B\I1TpaT nan\l1Ba ,QB\I1ryHis 3
C\I1CTeMaM\I13BopOTHoro 3n\l1BaHH~ nan\l1sa s 6aK (niHi51M\I1 nOBepTaHH~ nan\l1sa) Ta ni,QB\I1I.l1\11T\I1

55 TOYHicTb B\I1MiptOBaHH51B\I1TpaTMOTOpHOro nan\l1Ba.
3aB,Q51K\I1sBe,QeHHtO 6noKa Bi,QHiMaHH~Ta Tpy6K\I1 3i 3S0POTH\I1MnOTOKOMnan\l1sa, S ~KiVl p03Mil.lleHi

eneMeHT\I1 i,QeHT\I1YHieneMeHTaM, 1.lI0 3Haxo,Q~TbC~ y nan\l1si Tpy6K\I1 3 np~M\I1M nOTOKOM nan\l1Ba, 3
TaK\I1M CaM\I1M 'ix S3aeMH\I1M p03TawysaHH~M, 3a6e3neYyeTbc~ MO>Kn\l1siCTbS\l1MiptOBaHH~ B\I1TpaT
nan\l1Ba ,Qs\I1ryHiB 3 C\I1CTeMaM\I13S0pOTHoro 3n\l1BaHH~ nan\l1Ba S 6aK (niHi~M\I1 nosepTaHH~ nan\l1Ba).

60 l...\e TaKO>K ,Qae 3Mory KOMneHcyBaT\I1 TeMnepaTypHy nOX\I16KY, nOX\I16K\I1 c\I1n\l1 T~>KiHH~,



CTpYMonigBegeHHfl Ta B'fl3KOrO TepTfl, 1lI0 nigBlillllYE: TOYHiCTb BlilMiplOBaHHfl BlilTpaT MOTOpHOrO
nanlilBa BlilTpaTOMipOM-BlilHaxogoM.

TaKlilM YlilHOM, y nplilCTpo"l-BlilHaxogi 3a6e3neYYE:TbCfl MO>KIllilBiCTbBlilMiplOBaHHfl BlilTpaT nanlilBa 3
ClilCTeMaMlil 3BOpOTHOrO 3nlilBaHHfl nanlilBa B 6aK (niHiflMlil nOBepTaHHfl nanlilBa) Ta nigBlilllleHHfl

5 TOYHOCTiBlilMiplOBaHHfl BlilTpaT nanlilBa.
CYTb BlilHaxogy nOflCHIOE:TbCfl KpecneHHflM, ge 300pa>KeHa cTpyKTypHa cxeMa BlilTpaTOMipa-

BlilHaxogy.
BlilTpaTOMip-BlilHaxig MicTlilTb 6noK 13 BigHiMaHHfl, 6noK 14 noraplilepMyBaHHfl, 6noK 15 niHiVlHo"l

anpOKClilMal.\i"!, 6noK 16 06YlilCneHHfl BlilTpaT nanlilBf' Tpy6Ky 1 3 npflMlilM nOTOKOMnanlilBa Ta Tpy6Ky 2
10 3i 3BOPOTHlilMnOTOKOMnanlilBa.

Y Tpy61.\i 1 3 npflMlilM nOTOKOMnanlilBa p03MillleHlilVl HarpiBaY 5 npflMoro nOToKy nanlilBa, no pi3Hi
60Klil flKOro p03TawoBaHi gBi rpynlil 7, 8 TepMonepeTBOplOBaYiB npflMoro nOToKy nanlilBa, B KO>KHiVl3
flKlilX TepMonepeTBOplOBaYi npflMoro nOToKy nanlilBa p03TaWOBaHi nocnigoBHo Ha 3agaHlilx BigcTaHflx

Xi Big HarpiBaYa 5 npflMoro nOToKy nanlilBa, n03a 30HOIO Ai"! flKOro p03MillleHlilVl TepMOnepeTBOplOBaY

15 11 npflMoro nOToKy nanlilBa. nplil l.\bOMY i == 1,... ,N1 + N2 , ge N1, N2 - KinbKicTb TepMonepeTBOplOBaYiB
npflMoro nOToKy nanlilBa B rpynax 7, 8 TepMOnepeTBOplOBaYiB npflMoro nOToKy nanlilBa BignoBigHo.

Y Tpy61.\i 2 3i 3BOPOTHlilMnOTOKOMnanlilBa p03MillleHlilVl HarpiBaY 6 3BopoTHoro nOToKy nanlilBa, no
pi3Hi 60Klil flKoro p03TawoBaHi gBi rpynlil 9, 10 TepMonepeTBOplOBaYiB 3BopoTHoro nOToKy nanlilBa, B
KO>KHiVl3 flKlilX TepMonepeTBOplOBaYi 3BopOTHoro nOToKy nanlilBa p03TaWOBaHi nocnigoBHo Ha

20 3agaHlilx BigcTaHflx xi Big HarpiBaYa 6 3BOpOTHOro nOToKy nanlilBa, n03a 30HOIO gi"! flKOro p03MillleHlilVl

TepMOnepeTBOplOBaY 12 3BOpOTHOro nOToKy nanlilBa. nplil l.\bOMY i == 1,... ,N1 + N2 , ge N1, N2 - KinbKicTb
TepMonepeTBOplOBaYiB 3BOpOTHOro nOToKy nanlilBa B rpynax 9, 10 H3pMonepeTBOplOBaYiB 3BopoTHoro
nOToKy nanlilBa BignoBigHo, 1lI0 gOpiBHIOE:KinbKocTi TepMonepeTBOplOBaYiB npflMoro nOToKy nanlilBa y
rpynax 7, 8 TepMOnepeTBOplOBaYiB npflMoro nOToKy nanlilBa BignoBigHO.

25 BlilXOglil TepMOnepeTBOplOBaYa 11 npflMoro nOToKy nanlilBa Ta TepMOnepeTBOplOBaYa 12
3BopoTHoro nOToKy nanlilBa, a TaKO>KogHoVlMeHHi BlilXOglil rpyn 7, 8 TepMonepeTBOplOBaYiB npflMoro
nOToKy nanlilBa Ta rpyn TepMonepeTBOplOBaYiB 9, 10 3BopoTHoro nOToKy nanlilBa nigKnlOyeHi nonapHo
go BxogiB 6noKa 13 BigHiMaHHfl. BlilXig 6noKa 13 BigHiMaHHfl nigKnlOyeHlilVl go BXOgy 6noKa 14
noraplilepMyBaHHfl, BlilXig flKoro nigKnlOyeHlilVl go BXOgy 6noKa 15 niHiVlHo"! anpOKGlilMal.\i'l, BlilXig flKoro

30 nigKnlOyeHlilVl go BXOgy 6noKa 16 06YlilCneHHfl BlilTpaT nanlilBa, Bli1xig flKOro E: BlilXOgOM BCbOro
nplilcTpolO.

KanoplilMeTplilYHlilVl BlilTpaToMip MOTopHoro nanlilBa 3 nigBlilllleHolO TOYHiCTIO BlilMipiB npal.\lOE:
TaKlilM YlilHOM.

npflMlilVl nOTiK 3 nanlilBa, BlilTpaTlil f1 flKoro nOTpi6HO BlilMipflTlil, npoTiKaE: no Tpy61.\i 1 3 npflMlilM
35 nOTOKOMnanlilBa nOB3 TepMOnepeTBOplOBaY 11 npflMoro nOToKy nanlilBa, HarpiBaY 5 npflMoro nOToKy

nanlilBa Ta gBi rpynlil 7, 8 TepMOnepeTBOplOBaYiB npflMoro nOToKy nanlilBa.

3BOpOTHlilVl nOTiK 4 nanlilBa, BlilTpaTlil f2 flKoro Te>KHeo6xigHo BlilMipflTlil, npoTiKaE: no Tpy61.\i 2 3i
3BOPOTHlilM nOTOKOMnanlilBa nOB3 TepMonepeTBOplOBaY 12 3BopoTHoro nOToKy nanlilBa, HarpiBaY 6
3BOpOTHOro nOToKy nanlilBa Ta gBi rpynlil 9, 10 TepMonepeTBOplOBaYiB 3BopoTHoro nOToKy nanlilBa.

40 HarpiBaY 5 npflMoro nOToKy nanlilBa Ta HarpiBaY 6 3BopoTHoro nOToKy nanlilBa 3a paxyHoK
eneKTplilYHo"! eHepri"l Big g>Kepena >KlilBneHHfl (Ha cxeMi He nOKa3aHO) nigirpiBalOTb npflMlilVl 3 Ta
3BOPOTHlilVl4 nOTOKlil nanlilBa Ta CTBOPlOlOTbB HlilX TeMnepaTypHe none. 3HayeHHfl TeMnepaTyp y

npflMoMy 3 Ta 3BOpOTHOMy 4 nOTOKax nanlilBa 3ane>KaTb Big BlilTpaT nanlilBa f1 Ta f2 (WBlilgKocTeVl
nOToKiB), BigcTaHeVl Big HarpiBaYa 5 npflMoro nOToKy nanlilBa go KO>KHOro3 TepMonepeTBOplOBaYiB

45 npflMoro nOToKy nanlilBa y rpynax 7, 8 TepMonepeTBOplOBaYiB npflMoro nOToKy nanlilBa, BigcTaHeVl Big
HarpiBaYa 6 3BopoTHoro nOToKy nanlilBa go KO>KHOrO3 TepMonepeTBOplOBaYiB 3BopOTHoro nOToKy
nanlilBa y rpynax 9, 10 TepMonepeTBOplOBaYiB 3BopoTHoro nOToKy nanlilBa Ta 36inbwYlOTbCfl (nepeg
HarpiBaYeM 5 npflMoro nOToKy nanlilBa Ta HarpiBaYeM 6 3BOpOTHOro nOToKy nanlilBa) a60
3MeHwYlOTbCfl (nicnfl HarpiBaYa 5 npflMoro nOToKy nanlilBa Ta HarpiBaYa 6 3BopoTHoro nOToKy

50 nanlilBa) 3a eKCnOHeHl.\ianbHlilM 3aKOHOM. nplil l.\bOMY 3a TeMnepaTypaMlil nanlilBa, 1lI0 CTBOPlOlOTbCfl
HarpiBaYeM 5 npflMoro nOToKy nanlilBa Ta HarpiBaYeM 6 3BopoTHoro nOToKy nanlilBa i epiKCylOTbCfl
rpynaMlil 7, 8 TepMonepeTBOplOBaYiB npflMoro nOToKy nanlilBa Ta rpynaMlil 9, 10 3BopoTHoro nOToKy
nanlilBa, p03TawoBaHlilMlil no pi3Hi 60Klil Big HarpiBaYa 5 npflMoro nOToKy nanlilBa Ta HarpiBaYa 6
3BopoTHoro nOToKy nanlilBa, MO>KHa Blil3HaYlilTlil BlilTpaTlil nanlilBa y npflMoMy 3 Ta 3BOpOTHOMy 4

55 nOTOKax nanlilBa [5, c. 329].
Pe3ynbTaTlil BlilMiplOBaHHfl TeMnepaTyp nanlilBa B 30Hax gi'l HarpiBaYa 5 npflMoro nOToKy nanlilBa

Ta HarpiBaYa 6 3BOpOTHOro nOToKy nanlilBa 3 BlilXOgiB TepMOnepeTBOplOBaYa 11 npflMoro nOToKy



nam1Ba Ta TepMOnepeTBOplOBa4a 12 3BopoTHoro nOToKy nam1Ba, a TaKO>KoAHoViMeHHVlx BVlXOAiB
rpyn 7, 8 TepMonepeTBoplOBa4iB np51MOrO nOToKy naIlVlBa Ta rpyn 9, 10 TepMonepeTBoplOBa4iB
3BopoTHora nOToKy nanVlBa HaAXOA51Tb nonapHo Ha BxiA 6IloKa 13 BiAHiMaHH51, Ae 064VlcIllOeTbC51
pi3HVll..\51TeMnepaTyp Mi>K BKa3aHVlMVl TepMonepeTBoplOBa4aMVl An51 np51MOrO 3 Ta 3BOpOTHOro 4

5 nOTOKiBnaIlVlBa. >.

BVlMip51He3Ha4eHH51 BVlTpaT naIlVlBa 3a Ha51BHicTIOnoxVl60K y np51MoMy nOTol..\i3 naIlVlBa (naIlVlBo,
1.1\0BiA6VlpaeTbC513 6aKy) AopiBHlOe:

11=Q1 +L'.T +L'.CT +L'.cn +L'.ST (1)
1 1 t 1,

Ae: Q1 - iCTVlHHe3Ha4eHH51BVlTpaT naIlVlBa y n~51MOMYnOTol..\i3 naIlVlBa;

10 L'.T" L'.CT" L'.cn" L'.ST, - TeMnepaTypHa noxVl6Ka Ta noxVl6KVl CVlIlVl T51>KiHH51,cTpyMoniABeAeHH51,
CVlIlVlB'513KOrOTepT51y np51MoMy nOTol..\i3 naIlVlBa BiAnoBiAHo.

BVlMip51He 3Ha4eHH51 BVlTpaT naIlVlBa 3a Ha51BHicTIO noxVl60K y 3BOpOTHOMy nOTol..\i 4 naIlVlBa
(naIlVlBo, 1.1\0nOBepTaeTbC51AO 6aKy) AopiBHlOe:

12 = Q2 + L'.T, + L'.CT,+ L'.cn, + L'.ST, (2)

15 Ae: Q2 - iCTVlHHe3Ha4eHH51BVlTpaT nanVlBa y 3BOpOTHOMy nOTOl..\i4 naIlVlBa;

L'.T" L'.CT" L'.cn" L'.ST, - TeMnepaTypHa noxVl6Ka Ta noxVl6KVl CVlIlVl T51>KiHH51,cTpyMoniABeAeHH51,
CVlIlVlB'513KOrOTepT51y 3BOpOTHOMy nOTol..\i4 naIlVlBa BiAnoBiAHo.

OCKiIlbKVl BVlTpaTa nanVlBa, 1.1\0HaAXOAVlTb y ABVlryH BHYTpiwHbOro 3rOp51HH51,- l..\e pi3HVll..\51Mi>K(1)
Ta (2), TO cyMapHa noxVl6Ka (1.1\0 BKnlO4ae TeMnepaTypHy noxVl6Ky Ta noxVl6KVl CVlIlVl T51>KiHH51,

20 cTpyMoniABeAeHH51, B'513KOro TepT51) niA 4ac P060TVl ABVlryHa 3aB>KAVl 3MeHwyeTbC51. npVl l..\bOMY
BVlTpaTa naIlVlBa y np51MoMy nOTol..\i 3 naIlVlBa 3aB>KAVl6iIlbwa, Hi>Ky 3BOpOTHOMy nOTol..\i 4 naIlVlBa
(ABVlrYH cnO>KVlBae nOTpi6Hy KinbKicTb naIlVlBa, a 3aViBe naIlVlBO nOBepTaeTbC51 AO 6aKy), a60
AopiBHlOe 'iVi (ABVlrYH He npal..\lOe, Bce nanVlBO nOBepTaeTbC51AO 6aKY).

BVlTpaTa naIlVlBa 6e3nocepeAHbo ABVlryHoM CKnaAae:
Q = 11- 12 = 01 - Q2 + L'.T,- L'.T,+ L'.CT,- L'.CT,+

25 + L'.cn, - L'.cn, + L'.ST,- L'.ST, (3)

~K BVlAHO 3 (3), MaeMO 3MeHWeHH51 TeMnepaTypHo'i noxVl6KVl, noxVl60K CVlnVl T51>KiHH51,
cTpyMoniABeAeHH51 Ta CVlIlVl B'513KOrO TepT51. OT>Ke, MaeMO i 3MeHWeHH51 cyMapHo"i noxVl6KVl
BVlMipIOBaHH51BVlTpaTVlnaIlVlBa.

AaIli pe3YIlbTaTVl 064VlcIleHo'i pi3HVll..\iTeMnepaTyp BiAnoBiAHVlX TepMonepeTBoplOBa4iB np51Moro 3
30 Ta 3BopoTHoro 4 nOToKiB nanVlBa HaAXOA51TbHa BxiA 6IloKa 14 norapVlcPMyBaHH51, Ae BVl3Ha4aeTbC51

3ane>KHicTb T(x) TeMnepaTypVl y 3aAaHiVi T041..\inOToKy naIlVlBa BiA BiAcTaHi x l..\ie"iT04KVl AO HarpiBa4a
5 np51Moro nOToKy naIlVlBa B Tpy61..\i 1 np51MOrO nOToKy naIlVlBa Ta HarpiBa4a 6 3BOpOTHOro nOToKy
naIlVlBa B Tpy61..\i2 3BOpOTHOro nOToKy naIlVlBa.

3 6IloKa 14 IlorapVlcPMyBaHH51 AaHi HaAXOA51TbHa BxiA 6IloKa 15 IliHiViHO"ianpOKCVlMal..\i'i. 6IlOK 15

35 IliHiViHO'i anpOKCVlMal..\i"i npoBoAVlTb anpOKCVlMal..\ilO 3aIle>KHOCTi T(x) , 1.1\0 HaAaHa 6IlOKOM 14
IlorapVlcPMYBaHH51. 6IlOK 16 064VlCIleHH51 BVlTpaT naIlVlBa BVl3Ha4ae nOT04Hi 3Ha4eHH51 WBVlAKOCTi
nOToKy naIlVlBa Ta, BiAnoBiAHo, Vioro BVlTpaT 3 ypaxyBaHH51M KOHCTPYKTVlBHVlXAaHVlX, HanpVlKnaA,
nepepi3iB Tpy6KVl 1 3 np51MVlMnOTOKOMnaIlVlBa Ta Tpy6KVl '2 3i 3BOPOTHVlMnOTOKOMnaIlVlBa. 3Ha4eHH51
06'eMHo'i Ta MaCOBo'i BVlTpaT naIlVlBa OTPVlMYIOTb3a BiAOMVlMVlcPopMyIlaMVl [5, c. 239; 6, c.245-247].

40 An51 nepeBipKVl npal..\e3AaTHOCTi npVlcTpolO-BVlHaxoAY 6yIlO cTBopeHO Ta AOCIliA>KeHO Viora AilO4VlVi
MaKeT. B 51KOCTiTpy6KVl 1 3 np51MVlMnOTOKOMnaIlVlBa Ta Tpy6KVl 2 3i 3BOPOTHVlMnOTOKOMnanVlBa 6yno
BVlKopVlcTaHo MeTaneBi Tpy6KVl AiaMeTpoM 20 MM Ta AOB>KVlHOIO,400 MM. ~K A>Kepeno >KVlBIleHH51
BVlKOPVlCTOBYBaIlVl6nOK >KVlBneHH51nocTiViHoro CTpyMy 65-47 3 BVlXiAHOIOHanpyrolO 12 B. HarpiBa4 5
np51Moro nOToKy naIlVlBa Ta HarpiBa4 6 3BopoTHoro nOToKy naIlVlBa 6yIlVl BVlroToBneHi 3 APOTy

45 BVlCOKOroeIleKTpVl4Horo onopy (HixpOM - X20H80) Y BVlrIl51Ai l..\VlniHAPVl4HVlXKOTyWOK. Y MaKeTHoMy
3pa3KY 6iIlO BVlKopVlCTaHOno CiM TepMonepeTBoplOBa4iB np51MOrOnOToKy naIlVlBa y KO>KHiVi3 rpyn 7, 8
TepMOnepeTBOplOBa4iB np51Moro nOToKy naIlVlBa Ta no CiM TepMOnepeTBOplOBa4iB 3BopoTHoro nOToKy
naIlVlBa y KO>KHiVi3 rpyn 9, 10 TepMonepeTBoplOBa4iB 3BOpOTHOro nOToKy naIll-1Ba. ~K Bci
TepMonepeTBoplOBa4i 3acTocoByBanVl TpaH3VlcTopVl KT342, B 5lKVlX3MiHlOeTbC51CTpyM KOIleKTOpa niA

50 4ac 3MiHVlTeMnepaTypVl y np51MoMy 3 Ta 3BOpOTHOMy4 nOTOKax nanVlBa.
BiAcTaHb BiA HarpiBa4a 5 np51Moro nOToKy naIlVlBa AO nepworo TepMOnepeTBOplOBa4a np51Moro

nOToKy naIlVlBa B rpynax 7, 8 TepMonepeTOplOBa4iB np51MOrO nOToKy AOpiBHIOBaIla 3 CM, AO
OCTaHHboro - 8 CM. TaKO>K i BiACTaHb BiA HarpiBa4a 6 3BopoTHoro nOToKy nanVlBa AO nepworo
TepMonepeTBoplOBa4a 3BOpOTHOro nOToKy naIlVlBa B rpynax 9, 10 TepMonepeTBoplOBa4iB 3BopOTHoro

55 nOToKy Te>KAOpiBHIOBaIla 3 CM, AO OCTaHHboro - 8 CM.
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