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OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTh TeMbl HccJIeoBaHusA. B HacTosiiiee BpeMs IMOYTH MOJIOBUHA
BCEM TEIUIOBOM JHEPTUH, PACXOAYEMOM B INPOMBIIUIEHHOCTH, BKJIIOYas W MHUIIEBYIO,
BbIOpachiBaeTCs B aTMoc(epy U BOAHBIA OacceilH B Buie OTBOAUMON TeroThl. [lo
HEKOTOPBIM OIIEHKaM, BBIOPOCHI HU3KOMOTECHIHMAIBHOW TEIUIOTHI MPOMBIIUIEHHOCTHIO
coctaBisier okono 5 mupa [k B roxa. llpu 3TOM npOMBINIIEHHBIE NPEATPUITHS
NOTPEOISIOT OTPOMHOE KOJIMYECTBO BOJIBI JIJISl OXJIAKIEHUSI MAllMH U pabodux Tell B
Pa3JIMYHBIX TEXHOJIOTMYECKHUX MTPOIIECCAX.

B cBs3M ¢ 3TUM aKTHUBU3UPOBAIUCH Pa3pabOTKU HAYYHO-TIPUKIAJAHBIX MPOEKTOB
KaK POCCHUMCKHMX, TaK U 3apyOeKHBIX aBTOPOB IO PALMOHAIBHOMY HCHOJIb30BAHUIO
TAKOro JHEPreTHYECKOro pecypca Kak BTOpUYHAs TerwloTa (TeMmiiepaTypa pecypca
25...300 °C). Caenyetr OTMETUTD, YTO MCIOJIH30BAHUE HU3KOMOTCHIIMAIBHON TEIIOTHI
Kak (pakTopa dHEProcOEPEKeHUs — OJIHA U3 HAPOJHO-XO3UCTBEHHBIX 3a7a4. PaboTsl B
ATOM  HampaBJIE€HUU  TMOJYEPKUBAIOT  DKOJOTHU3AIMOHHYIO  TpaHc(opMaiuio
MPOMBIILJICHHOCTH, YTO B IOJIHOM MEpEe COOTBETCTBYET IHEPreTHUUECKON CTpaTeruu
passutus Poccuiickoit @enepanuu u Jlonenkoit Haponnoit PeciyOnuku.

Teruora 000pOTHON BOABI HpeanpuATHN nuIIeBbix npousBoacts (IITIIT)
OTBOJIUTCSl E€CTECTBEHHBIM (HCIAPUTENIBHBIM) WM MCKYCCTBEHHBIM OXJaXJICHHUEM.
KomriekcHbI MOIX0/ K MCHOJIb30BAHUIO TEIUIOBOTO MOTEHIIMAIa OOOPOTHOU BOJMI,
YUUTHIBAOIIMKN €€ TeMIEepaTrypy M pacxol, MO3BOJUT OOECHEUYUTh SKOHOMHUIO BOJBI,
CHI)KECHHE CEOECTOMMOCTH BBIITYCKA€MOM TMPOIYKIUU U OXpaHy OJM3JIeKAIUX
TEPPUTOPHUIL 32 CYET YMEHBIIEHUS WIH MTOJTHOTO HUCKIIFOUEHHS KaleJIbHOIO YHOCA BOJBI,
MPEAOTBPAIICHUS TEIUIOBOTO 3arPSI3HEHUS OKPYKAOIIEH CPEBI.

OngHako BOMNpPOC TIOMCKA palMOHAIBHBIX MAapaMETpPOB CYIIECTBYIOLIUX U
MIPOCKTUPYEMBIX cHUCTeM 00opoTHOro BomocHaOxkeHus IIIIII ¢ yuerom obecrnedeHus
BO3MOKHOCTH  TIOJIE3HOTO HCIIOJB30BaHUS TEIUIOTHI OOOPOTHOM BOJBI  M3Y4YEH
HenocTaTouHo. [loaTOMy TeMa uccienoBaHus, MOCBSIICHHAS PAa3BUTUIO HAYYHBIX OCHOB
COBEPILIEHCTBOBAHMS MPOLECCOB OXJAXKACHHUSI 00OOPOTHOM BOJABI M HCIIOJB30BAHUS €€
temnotsl Ha [II1I1 siBrisieTcsa akTyanbHOM.

Crenennb pa3pa0OTaHHOCTH TeMbl. TeopeTHueckue W IPUKIIAIHBIE ACTIEKTHI
YCOBEPIICHCTBOBAHUS  BOAOOXJQXJAIOUIMX  CHUCTEM  HCMHAPUTEIBHOTO  THUIA
IpEeJCTaBICHB B paboTax 3apyOeKHBIX M OTEYCCTBCHHBIX yUYEHBIX, Takux Kak: Bakar
Abu, R.E. Foster, N.J. Stoitchkov, G.J. Dimirov, B.C. T'anyctoB, A.B. [loporieHko,
B.C. IlonomapeHko, B.IL KpaBueHko, C.K. CocHOBCKUH, A .M. Karams,
A.A. T'opoaunos.

3HAUYUTENbHBIN BKJIAJ B CO3aHUE U COBEPUICHCTBOBAHUE METOAOJOTHH IOUCKA
OPraHU3alMOHHO-TEXHUYECKUX PELICHUM YTWIW3alMM TEXHOT€HHOM BTOPUYHOM
TEIJIOTHl HAa  TMPOMBINUICHHBIX  OOBEKTaX ©  MOBBIMECHUS  d(PPEeKTUBHOCTH
MIPOMBITIUICHHBIX CHCTEM OOOpPOTHOTO BOJIOCHAOKEHMSI BHECTH CIICIYIOIINE aBTOPHI:
C.M. Ho3apun, B.H. CrabuuxoB, A.B.OscsuuukoB, II.A.Tpy6ae, M.H. Illur,
J.I'. 3akupoB, A.b. buptokoB, C.A. 'opoxankun, C.1. Monax, O.B. Kprokos,
C.JI. Enmuctparos, H0.B. Osuunnukos, E.}O. WBamenko, Jafar Sarkar, Marco Corradi,
Alptug Yataganbaba, Mustafa Aktas, Vincent Lemort, i.F.Wang u np.
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Cpenu uccrnenoBaresneii, pabOThl KOTOPHIX TOCBSIICHBI TEPMOJIMHAMHUYECCKOMY
MOJICIUPOBAHUIO U PA3BUTHUIO KOHIENTYaJIbHBIX MapOKOMIIPECCUOHHBIX TEXHOJIOTUH
npeoOpa3oBaHus TEILIOTHI, cieayeT Beiaeauth Di Wu, Yuefen Gao, R.S. Mishra, Mark
O.McLinden, Gokmen Demirkaya, A. Sinan Karakurt, F. Schlosser, W.I'. Uymaka,
B.A. Mazypa, B.IIL. XKene3noro, A.A. JI3uno, T.B. Mopostok, B.C. MapTbIHOBCKOTO U JIp.

HecMoTpsi Ha 3HaUUTENHbHOE KOJMYECTBO HAYYHBIX PaObOT B ATOM HANpPaBJICHUH,
CIEKTP BOIIPOCOB, KOTOPhIE HEOOXOIMMO pEliaTh B paMKaxX MPEANPUATHNA MHIIEBBIX
MPOU3BOJICTB, TpeOyeT yIIIyOJIGHHBIX TEOPETUUYECKUX M DKCHEPUMEHTAIbHBIX
ucciaenoBannii. VM3 mpakTHKW HW3BECTHO, YTO HANEKHOCTh M A((PEKTUBHOCTH PabOTHI
BEHTWJISITOPHBIX TPAJUPEH MOBBIIIACTCS MPU NEPEXO0JIE€ HA HUCMOJIb30BAHUE HACANOK C
MOABWKHBIM ~ CIIOEM, OJHAKO ONpPEACIICHUE pallMOHAIBHBIX IMApaMETPOB ITOU
TEXHOJOTUU  TpeOyeT  MPOBEACHUS  JIOMOJHUTEIBHBIX  TEOPETHUUYECKUX U
AKCIIEPUMEHTAIIbHBIX UCCIIEIOBAHUM, HaIpaBJICHHBIX Ha OMUCaHue
TUJPOJIMHAMUYECKUX OCOOCHHOCTEM CTPYKTYphl MOTOKa B TpexdaszHoil cpexae. Eme
O0oJiee OCTpPO CTOMT 3ajlaya TMPOBEJACHUSI HCCICIOBAHUN B IUIaHE TIOJIE3HOTO
UCIIOJIb30BAHUSL TEIUIOTHI OOOPOTHOM BOJBI JUIsl TEIUIOCHAOXKEHMUSI U IPOU3BOJACTBA
anekTposHeprun. Ilpu stoM Tpebyercs mpopabOTKa BapHAHTOB PEIICHUS 3aJa4M C
MOBBIIICHUEM TEMIIEPATYPHOTO TOTEHIIMAJIA BOJIbI (HapUMep, IMPH MOMOIIHU TETJIOBOTO
Hacoca) U 0e3 Hero.

Takum 00pazom, pazpaboTKa TECOPETUKO-TIPUKIATHBIX OCHOB JIJIi 0OOCHOBaHUS
HaIpaBJeHUI HUCIOJb30BaHUSI TEIJIOBOrO0 TMoTeHnuana obopotHow Bozasl I,
COBEPIICHCTBOBaHUSI ~ PabOThl  BOAOOXJAXJAIOUIUX  YCTPOWMCTB,  HAXOXKICHUS
pallMOHANIbHBIX ~ KOHCTPYKTHBHBIX  TapaMETpOB U  KOMIIOHOBOYHBIX  pEIICHUM
MPOMBIILJICHHBIX CUCTEM OOOPOTHOIO BOJOCHAOXKEHUS, O0ECIEUMBAIOIINX BBICOKYIO
3¢ ()EKTUBHOCTh, HKOJIOTUYHOCTh, HAJIEKHOCTh U OecrnepeOOMHOCTh 3KCILTyaTalluu
OyZeT crnocoOCTBOBATH PELIEHUIO BaXHOW HAPOAHO-XO3AWCTBEHHOW MPOOJIEMBbI MO
YTUIN3AIUU TEXHOTEHHOM HU3KOMOTEHIIMAIBHOM TETIOTHI.

Hear u 3agauyu ucciaenoBanus. llenpro auccepTanmoHHON paOOTHI SIBISETCS
pa3BUTHE HAYYHO-TEXHUYECKUX OCHOB TOBBIMIEHUS d(PPEKTUBHOCTUA MPOMBIIIICHHBIX
CUCTEM OOOPOTHOTO BOJOCHAOKEHHUS TPEANPHUSATAN THUIIEBBIX MPOU3BOACTB 3a CYET
COBEPIIICEHCTBOBAHMUSI  TEIUIOMAaCCOOOMEHHBIX  MPOILIECCOB,  MPOTEKAIOIMUX B
BOJOOXJIAKIAIONIMNX YCTPOMCTBaX, W OOOCHOBaHUS pAIMOHAIBHBIX MapaMeTpPOB
TEXHOJIOTUH YTHIIM3AIIUU U30BITOYHOM TETIOTHl 00OPOTHOM BOJIBI.

JIJist TOCTM>KEeHUST TIOCTABJIICHHOW TIEH HE00X0uMO CHOPMYIUPOBATh U PEIIUTh
CIIEAYIONINE 3a]a4H:

- MPOAHAJIU3UPOBATh COBPEMEHHOE COCTOSIHUE U TMEPCIEKTHUBBI PA3BUTHUS CHUCTEM
o0opotHOoro BojgocHaOxkenuss (COB) mnpennpustuii NUIIEBBIX POU3BOJCTB,
BBISIBUTDH aKTyaJIbHbIC HANIPABJICHUS MMOJIE3HOTO UCIIOIB30BaHUS TEIJIOTHI 000POTHOM
BOJIbI M COBEPIIIEHCTBOBAHUS PaOOThI BOAOOXJIaXAaroNMX ycTpoicTB (BOY);

- pa3paboTaTh YHHMBEPCAJIbHBIA HAYYHBI WHCTPYMEHTApUN JI HUCCIEIO0BAHUS
BIUSHUAS TEMIIEpaTyphl OXJaXJaromier BoAsl Ha d3PPEKTUBHOCTh PaOOTHI
TEIJIOTEXHOJIOTMYECKOTO 000PYI0OBAHMS B YCIOBHUSAX MHUIIEBBIX TPOU3BOJICTB,

- U3Y4YUTh TPOIECCHl COBMECTHOTO TEIJIOMAcCOOOMEHa TMpU HCHAPUTEITLHOM
OXJIAKJIEHUH OOOpOTHOW BOJBI B TpaJupHE C TOJBIKHBIMHA HacaJKaMu U



ONpENENIUTh PALUOHAIIbHbIE 3HAYEHUSI TEXHOJOTMYECKMX U KOHCTPYKTHUBHBIX
apamMeTPOB BOJOOXJIAKIAIOIINX YCTPOICTB;

- ONpEeNEIUTh BO3MOXHOCTbH MCIOJIb30BAHMS TEIUIOTHl BOJBI B IIMKJIE OOOPOTHOTO
BOJIOCHA0XEeHUs1 0€3 MOBBILIECHUSI €€ TEeMIEPATypPHOro YPOBHS ISl PEIIeHUs 3aad
TEIJIOCHA0KEHUS U TIPEIJIOKUTh KOHKPETHbIE TEXHUUECKUE PEIICHUS;

- pa3BUTh HAYYHO-METOJIOJIOTMYECKUN TMOAXOJ K pacuery U MPOTHO3HPOBAHUIO
paboThl MAPOKOMIIPECCUOHHBIX TeIIoHacocHbIX ycTaHoBok (IITHY), paboraromumx
Ha XJIaJJareHTaX YETBEPTOr0 MOKOJIEHUS U UCHONb3yIoImMX o0opoTHyio Boay IIIIII
KaK HU3KOMOTEHUHMAIbHBIM PECypC, C HCIOJb30BAHHUEM COBPEMEHHBIX 3KOJIOTO-
DHEPreTUYECKUX MTOKA3aTEIIeH;

- pa3paboTaTh CHCTEMY KPHUTEPUEB /I KOMIUIEKCHOW OICHKH 3(PPEKTUBHOCTU
CUCTEM IOJIE3HOI'O UCIIOIb30BaHUS TEIJIOTHI 00OPOTHOM BOJIBI;

- 000CHOBaTh BO3MOXKHOCTH JJICKTPOTCHEpPAIlMU 3a CYET HCIOJIb30BAHUS TEIIOTHI
obopotHoit Boabl IIIIII, pa3paboTaTh TEXHUYECKHE PEIICHUS U OLEHUTHh HX
3 PEeKTUBHOCTS;

- BBIIOJHUATh  JYKOHOMHUYECKYID  OLEHKY  NpPEIVIOKEHHBIX  PEHIEHUHA 1O
COBEPIIIEHCTBOBAHUIO Pa0OTHl  BOJOOXJAXKAAIOMIMX YCTPOUCTB M IOJIE3HOMY
HCITI0JIb30BAHUIO TEIJIOTHl 000OPOTHOM BOJIBI.

O0beKTOM HMCCIeIOBAHUH SIBIISIIOTCS BOJAOOXJIAXKIAIOUIUE YCTPOMCTBA CHCTEM
00OpOTHOTO BOJOCHA0XKEHUSI THUIIEBBIX MPOU3BOACTB M TEXHOJOTUU YTUIIU3AINH
M30BITOYHOM TETIOTHI 0OOPOTHOM BOJIBI.

IIpeamerom umccie0BaHMs BBICTYNAIOT TEOPETUUECKUE, METOJOJIOTHUECKUE U
MPUKJIAJHbIE OCHOBBI COBEPIIEHCTBOBAHUS MPOLIECCOB OXJIAXKIECHUS 0OOPOTHON BOJBI U
WCIIOJIB30BaHUs €€ TEIUIOThI Ha MPEANPUITUSAX MUIIEBBIX TPOU3BOICTB.

JuccepranronHas pa0doTa BBINOJIHEHA B COOTBETCTBMM C NAcHOPTOM Hay4dyHOMR
cnenuansHocT 05.14.04 — [IpoMpllieHHas: TETUIOHEPTeTUKAa B YacTH MyHKTOB: 3.1.
«Pa3paboTka Hay4yHBIX OCHOB, METOJOB U CPEACTB HMHTEHCUBHOIO COEpexeHus
HSHEPreTUYECKUX PECYPCOB B MPOMBIIIJIEHHBIX TEIMJIOIHEPreTUUECKUX YCTPOUCTBAX M
MCIIOJIB3YIOMINX TEIJIOTY B CUCTEMAX M yCTAaHOBKax»; 3.5. «OnTumusanus napaMmeTpoB
TEIJIOBBIX TEXHOJIOTHMUYECKHUX MPOIECCOB U pa3padOTKa ONTUMAIbHBIX CXEM YCTaHOBOK,
HCMOJIB3YIOIIMX TEIUIOTY, C LEJIbI0 PKOHOMHUH DHEPTETHUYECKUX PECypcoB ...»; 3.6.
«Pa3paboTka W COBEpIIICHCTBOBAHWE TEIJIOTEXHUYECKUX allapaToB U YCTAHOBOK,
CUCTEM OXJIAKICHUS. .. TEINIOMAaCCOOOMEHHOTO 0o0opyaoBaHus...»; 3.7. «Pa3paborka
TEOPETUUYECKUX ACMEKTOB U METOJOB MHTCHCHUBHOTO YHEProcOEpEeKCHHS B TETUIOBBIX
TEXHOJIOTUYECKUX CUCTEMaxX, B TOM YHUCJIE UCIIOJIb30BAHUSI BTOPUYHBIX SJHEPrOpECYpCoOB
B cHCTeMax Mpou3BOJACTBA...»; 3.10. «Pa3paboTka u wHcCCleqOBaHUE METOAOB
npeoOpa3oBaHusi B PpabOTy HHUBKOMOTEHIMAIBHOW TEIJIOTHI, TIOBBIIICHUS €€
MOTEHIIMaJIa B TETJIOBBIX MalTMHAX).

HayuyHasi HOBHM3HA NOJIyYeHHBIX Pe3yJbTATOB 3aKJIIOYAECTCS B KOMIUIEKCHOM
noaxoJie K GopMHUPOBAHUIO HAYYHO-TEXHUUECKHUX OCHOB MOBBIMICHUS 3(PHEKTUBHOCTH
MPOMBIIIUICHHBIX CHCTEM OOOpPOTHOTO BOJIOCHAOXKEHHS TPEINPHUSATUN THUIIEBBIX
IOPOM3BOJACTB 32 CYET COBEPIICHCTBOBAHMS TEIJIOMAaCCOOOMEHHBIX IPOLIECCOB,
MPOTEKAIONUX B BOJOOXJAXKIAIOIINX YCTPOWCTBaX, U OOOCHOBAHUS PaAllMOHATHHBIX
napamMeTpOB TEXHOJOTUN YTHIIM3AIIUN U30BITOYHON TETIOTHl 000OPOTHOM BOJIHI.



Hawnbosnee  3HauMmble  pe3yibTaThl,  XapaKTEPU3YIOLIMECS  HOBHU3HOM,
3aKJIIOYAIOTCSA B CJIEIYIOLIEM:

1. BnepBble mnpeioxkeH HaydYHO-OOOCHOBAHHBIM METOJ, MO3BOJISIONIUN MpHU
NPOCKTUPOBAHUN  (IKCIUTyaTalliM)  OPCANPUATHH,  HCHOJB3YIONIUX  BOJSHBIC
KOHJICHCATOpbl W TEIJIOOOMEHHBIE amnmaparbl, OXJa)JaeMmble OOOpPOTHOM BOJIOM,
OnpeaeNsITh (MPOTHO3UPOBATH) peajbHble KOJWYECTBEHHBIE XapaKTEPUCTUKU PabOTHI
ATUX amNmnapaToB MPHU Pa3IMYHBIX YCJIOBHUSX JKCIUTyaTalluu (pacxoj OXJaxaarouiei
BOJABl U €€ BXOJHAs TeMmIepaTrypa), 4YTO TMO3BOJUT CHOPMYIUPOBATH TOUHBIE
TpeOOBaHUS K XapaKTEPUCTUKAM BOJOOXIAKIAIONINX YCTPOUCTB CUCTEMBI OOOPOTHOTO
BOJOCHA0XKEHUS.

2. [lomyunsno panpHeilee pa3BUTHE MOJICIMPOBAHUE MPOIECCOB COBMECTHOTO
TEIJIOMAcCOOOMEHA MPHU UCIIAPUTEIBHOM OXJIAKJIEHUH OOOPOTHOM BOABI B TPaJiUpHE C
NOJBW)KHBIMA HACBIITHBIMU HACaJKaMH, YTO IMO3BOJUIO YCTAHOBUTH 3aBHUCHUMOCTH I10
ONPEIEICHUI0 BAXHEHIINX THUAPOJAMHAMUYECKUX XapAKTEPUCTHK, HEOOXOIUMBIX IS
MHKXEHEPHBIX PACYETOB MOIOOHBIX BOJOOXJIAKAAIOUINX alllIapaToOB. DKCIEPUMEHTAIBHO
YCTaHOBJIEHO, YTO MHTEHCU(PHUKAIUS TEIJIOMACCOOOMEHa JIOCTUTAeTCsl ClielU(pUIECKUM
XapakTepoM [IBHXKCHUS JKUJIKOCTH B amlmapaTrax ¢ IMOJBHXKHOW HACaJKOW; OmpelesicH
ONTHMAJBHBIA IUANa30H IJIOTHOCTU HACAZOYHOTO CHOS Pout (Po = 200...700 kr/md),
OTJIMYAIOUIUICA MIUPOKUM JWANAa30HOM CKOPOCTH Ta3a, MPUEMIIEMBbIMH 3HAYCHUSIMU
KaruieyHOCa U CPAaBHUTEIBHO HEOOJIBIION JUHAMUYECKON BHICOTOM CJIOSI.

3. [lonyunn pmanmpHElIee pa3BUTHE HAYYHO-METOIOJOTHUECKHN TOIXOJ IS
pacueta u nporHo3upoBanus padotel [ITHY, paboTaromux Ha XJ1aareHTax 4€TBEpPTOro
MOKOJICHHSI M HCHOJb3yIomUX o00opoTHyo Boxy IIIII kak HU3KOMOTEHLHMAIBHBIN
pecypc, Ha OCHOBE COBPEMEHHBIX JKOJOrO-3HEPreTHYECKUX IOKa3aTeneil, dYTo
MO3BOJIWIO pa3paboTaTh HaOOp CUCTEMHBIX PEKOMEHAALMKA MO BBIOOPY ONTUMAJIbHBIX
napamMeTpOB TEIMJIOBBIX HACOCOB.

4. BnepBble mpu TOMOIIM METOJIa HEUYETKUX MHOXECTB, OCHOBAHHOTO Ha
MHOTOKPUTEPUAIIBHOM MOJAXO0JIe K BbIOOpDY pelleHus, pa3paboTaHa METOAUKa
paIMOHAIIBHOTO BBIOOpA pabOUYMX TeNl JJIsl SHEPTrompeoOpasyrouX CHCTEM, BKIIOUas
[ITHY, ucnons3yromux B KaueCTBE MCTOYHMUKA TErioTy o6opoTHo# Boawl I1IIII, uro
Oyaer  cmocoOCTBOBaTh  pa3pabOTKE  KOHIENTYaJIbHbIX  HU3KOTEMIIEPATyPHbIX
TEXHOJOTMM  MpeoO0pa3oBaHHUS  HSHEPrUM C  Y4ETOM  KOMIIpOMHCCA  MEXIY
9HEProd((HEeKTUBHOCTHIO, HAKOJOTMYECKUMH OrPAHMYECHUSIMH M HSKOHOMUYECKUMU
MOKa3aTeJISIMH.

5. llonyunnm panpHeHIiee pa3BUTHE MOAXOAbl K OLEHKE 3(PQPEKTUBHOCTH
HEProcOeperarolmx MPOEKTOB 3a CuYeT pa3padOTKUM CHUCTEMbl KPUTEPUEB s
KOMITJIEKCHOM OLIEHKH TOJI€3HOTO MCIOJb30BaHUsl TEIJIOTHl OOOPOTHOM BOABI, a
MMEHHO: CTEMEeHb HEPEaJTu30BAHHOIO MOTEHLMAaa SHEProcoepekeHus, Kod3PQGUIUEHT
SHEpreTudeckord A(PQPEeKTUBHOCTU crmocoba YTWIM3AUK TEIIOThl, OTHOCUTEIbHAS
CTOMMOCTh COKOHOMIIEHHBIX 3HEPTrOHOCHUTENICH, YTO MO3BOJISIET BBIIBUTH Haubosee
ONTUMAaJIbHBIE CXEMHBIE PEIICHUS IO SHEProcOePEKEHUIO.

6. BiepBbie mpeiokeHbl KOHIENTYalIbHbIE MOJIOKEHUS M0 KOMOMHUPOBAHHOMN
yTUIU3alud OOOPOTHOM BOJBI HA MPEANPUATUSX MHILEBBIX MPOU3BOJCTB, KOTOPbHIE
MO3BOJIAIOT TE€HEPUPOBATh 3JIEKTPOIHEPTHIO W O0ECHeunBaTh HArpy3Kd TOpsYEro
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BOJIOCHAOXXEHUS, YTO TIO3BOJUT C(HOpPMHpPOBATH CTPATETHUYECKHE OPUEHTHPHI

MOJIEpPHU3AIMH TEIIOBOTIO X035MCTBA MPEANPUATHSIX MUIIEBBIX TPOU3BOICTB.
Teopernueckasi 3HAYMMOCTh PadOTBI ONPENCISIETCS AKTYaJbHOCTBIO LIENH U

3a/lad  MCCIEOBaHUsS, JIOCTUTHYTHIM YpPOBHEM pa3pa0OTaHHOCTU HCCIETyEeMbIX

npoOieM, Hay4HOW HOBU3HOM pe3ylbTaTOB MCCIENOBAaHUA, M 3aKIIOYaeTcs B

CIEAYIOIIEM:

- pa3paboTaH Hay4yHO-OOOCHOBAHHBIA METO]I, MO3BOJISIIOUIUI MPU MPOEKTUPOBAHUU
(3KCIUTyaTalluyd) MPEANpUSTAN, HUCIOIB3YIONUX BOJSHBIE KOHJIEHCATOPbl H
TEIJIOOOMEHHBIE ~ allllapaThl, OXJaXJaeMble OOOPOTHOM BOJOW, OMNPENEHATh
(MpOrHO3UPOBATh) peajbHbIe KOJIMUECTBEHHBIC TEIIOBBIC XapaKTEPUCTUKU PaOOTHI
3TUX allapaToB NPH PA3INYHBIX YCIOBUAX IKCILTYaTALMH;

- pa3paboTaHa KOHIIENTyaJlbHas MOJAEIb MPOIECCOB COBMECTHOIO TEIIOMAaCCOOOMEHa
IIPU MCHAPUTEIBHOM OXJIAXKJIEHHH OOOPOTHOM BOJBI B IpaJiUpHE C MOABUKHBIMH
HacaJkaMHM H C €€ T[OMOIIbI0 YCTAHOBJIEHbl pAlUOHAIBHBIE MapaMeTphI
AKCIUTyaTallM TPAJANPEH C IOJABH>KHBIMU HACAKAMH;

- pa3paboTaH METOJNOJIOTMYECKUN MOAXOJ JUIsl KOJMYECTBEHHOIO ONPEIEIICHUs
3HAYEHUH COBPEMEHHBIX 3KOJIOTO-DHEPIreTUYECKUX MOKA3aTeNIel MIPUMEHUTENBHO K
pacdyery M NPOTHO3UPOBAHMIO PAOOTHI MAPOKOMIIPECCHOHHBIX TEIIOHACOCHBIX
YCTaHOBOK, pa0OTalOIIMX Ha  XJaJareHTax 4YeTBEPTOr0  IOKOJEHHS U
ucnosap3ytomux o0opotHyto Boay IMIII kak HU3KOMOTEHIIMAIBHBIN pecypc;

- TPEVIOKEH KOMIUIEKCHBIM MOKazaTreldb Dyaase, MO3BOJSIOUIMI  OCYIIECTBUTH
palMOHaNIbHBINA BBIOOp pabouero Tejia SHEPronpeoOpa3yonmx CUCTEM B 3aIaHHBIX
MPOU3BOICTBEHHO-TEXHOJIOTMUECKUX YCIOBHSIX;

- TpelIoKeHa MW ONUCaHAa CHCTEMa KpUTEpPHEB [UIsl KOMIUIEKCHOW OLIEHKH
3 PEKTUBHOCTU CUCTEM OOOPOTHOTO BOJOCHAOKEHHUS C TOUKH 3PEHUS MOJE3HOTO
WCITIOJIb30BaHUS TEIIOTHI 00OPOTHOM BOJIBI;

- pa3paboTaHbl M HMCCIIEJOBAaHbl CXEMbl KOMOMHUPOBAHHOW YyTHJIM3alUUMU OOOPOTHOM
BobI Ha [1T1IT Ha 6a3e sHepronpeodpasyromux cuctem (IITHY u OILP).

IIpakTnyeckass 3HAYMMOCTH PadOTHI 3aKIIOYAETCS B TOM, UYTO pa3pabOTaHHbIE

HAy4YHO-OOOCHOBAHHBIE TIOJIOKEHUS MOTYT OBITh TIPUMEHEHbl KaKk Ha CTaauu

IIPOCKTUPOBAHMSI HOBBIX, TaK W IMPU PEKOHCTPYKLHMH CYLIECTBYIOLIUX CHUCTEM

obopoTtHoro BogocHa0xkeHus [I1I1 qyist perienus ciaeayromumx 3a1a4:

- TOBBIICHHE HAACKHOCTH U AH(PEKTUBHOCTH PabOTHl  BOJOOXJIAXKIAIOIINX
YCTPOMCTB IPH NEPEXOJE HA TPAJUPHU C UCIIOJIB30BAHUEM MOJABHXKHBIX HACAJOK 3a
CUET YCTAaHOBJIEHUS OOOCHOBAaHHBIX B pabOTEe pALMOHAJIBHBIX KOHCTPYKTUBHBIX W
TEXHOJIOTHYECKHUX MapaMeTPOB 3TUX YCTPOUCTB;

- HUCIIOJIb30BAaHUE TEIJIOTHl OOOPOTHOW BOJBI JIsl TEIJIOCHAOXKEHUsI 0€3 MOBBIILICHUS
ee TEeMIepaTypHOro IMOTeHIMada 3a cyYeT pa3paboTKU COOTBETCTBYIOUIUX
TEXHUYECKUX PEIICHUN;

- HUCIIOJIb30BAHUE TEIUIOTHI OOOPOTHOW BOJBI JIsl TEIJIOCHAOXKEHUS MPU MOBBIILICHUN
€€ TEMIIEpaTypHOro MOTEHIMala MpH IOMOIIM TEIUIOBOIO HAacoca 3a CYeT
paloHaIbHOTO BEIOOPA UCIIONIBb3YEMbIX pabouux Tes A THNUYHbIX yciaoBuit [T
Y TIOIIEP>KAHMS PAllHOHATIBHBIX TEXHOJOTMYECKUX TAPAMETPOB IIPOLIECCOB;
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- TOPOU3BOJACTBO JJIEKTPOIHEPTMU MpPU YTUIM3ALUHU TEIJIOTHl OOOPOTHOM BOABI B
NPEMIOKEHHOW TEXHOJIOTMYECKOM CXeMe TMpolecca ¢ YYETOM MOAJIEpKaHUs
YCTAHOBJICHHBIX PALMOHAIBHBIX 3HAYEHUN TEXHOJOTHYECKUX M KOHCTPYKTHMBHBIX
apaMeTpoB.

BriBo#bl M peKOMEHIAIMM TPAKTUYECKOW HANpPaBIECHHOCTH, MPEIJIOKEHHBIE B
JMCCEPTAIIMOHHON padoTe, BHEAPEHb! Ha nMpoduibHbiX npeanpustusx: OO0 OMPMA
«KOJIBUKO» B pamkax xo3moroBopHod Tembl Ne 03-02-x1/2020 ot 15.04.2020 r.
«AHaIIU3 TEIUIOBOTO MOTEHIMAada CUCTEM OOOPOTHOTO BOJOCHAOXKEHUS MPEANpPUSITHIA
NUIIEBBIX MPOU3BOACTB M MOA0OP TEIUIOHACOCHBIX CUCTEM JIA €ro MPaKTHYECKOrO
ucnonb3oBanus» (akt BHeapeHms or 25.06.2020 r., WOANKCAaH T'eH.TUPEKTOPOM
A.B. I'puiiko, r. [lonenk); B OOO «JloHeUKnii KOMOMHAT 3aMOPOKEHHBIX IPOJTYKTOB)
(akT 00 wcmoNB30BaHUM Pe3yabTaToB padoThl oT 28.01.2022r., moanucan AUPEKTOPOM
no npousBoacTBY E.B.T'opoxoBarckum, r. MakeeBka), B ®I'’AOYBO «Camapckuii
HAallMOHAJIBHBIA MCCIIEIOBATENbCKMN yHUBEpcHTET nMeHU akagemuka C.I1. Koponesa»
(akT 00 wucnosb30BaHUM pe3yiabTaToB pabdorsl ot 31.10.2022, yTB. mNEpPBHIM
npopekropom o HUP a-p. TexH.Hayk, mpodeccom A.b. IIpokodbeBbim, 1. Camapa).

PesynpraTel TEOPETUKO-METOA0JIOTUYECKOTO XapakTepa JUCCEPTALIMU
ucroap3ytoTcss B ydeObHoMm mporecce 'O BIIO  «JloHenmkuii  HalMOHAIBHBIN
YHUBEPCUTET SKOHOMUKHM M Toprosie nMeHn Muxawra Tyran-bapanosckoro» npu
W3JI0KCHUM JUCLUIUIMH: «MalHbel M CUCTEMBl HU3KONOTCHIMAIBHONM SHEPreTUKNY,
«Ternmoncnonap3yomue XoJIoAWIbHbIE MAIIMHBI U TEIUIOBBIE HACOCHD, «CIIenaIbHble
TJIaBbl TEPMOJWHAMHUKU HHU3KOTEMIEpaTypHbIX cuctem» (cmpaBka Ne 02.01/1846 ot
17.11.2022 r., mnonanucana mepBeiM mpopektopom JOHHYOT  n-p.skoH.HayK,
npodeccopom JI.A. OMenbIHOBHUY).

MeTom0J10rMsl 1 METObI MCCAEAOBAHNUS. T€OPETHUECKON U METOI0JIOTMUYECKOM
OCHOBOM HMCCIJIEIOBaHUS SIBJIAIOTCS 0A30BBIE MOJIOKEHUS TEXHUUECKOW TEPMOJIMHAMUKHI
U TEIIOMaccoOOMeHa, a TaKXe KOHUENTYaJbHbIE MOJIOKEHUS (yHIAMEHTANIbHBIX W
NPUKIAJAHBIX pabOT OTEYECTBEHHBIX U 3apyOEKHBIX aBTOPOB MO MPOOJIEME SHEPro-
pecypcocOepexenus. PerieHne mocTaBiIeHHBIX 3a7ad MOJIYYEHO C HCIOJIb30BaHHUEM
METOJIOB pacyeTa IPOLIECCOB TEIUIONEPENauH, IPOBEACHUS SKCIEPUMEHTAIBHBIX
UCCJIEIOBAHNUM, COCTABJICHHSI CXEMOTEXHHYECKHX PpELIEHUM, SKCEPreTUYeCKOro
aHalIM3a, MHOTOKPUTEPHAIBHON ONTHMH3ALMH, pacyeTa LMKJIOB TEIJIOBBIX MAalluH,
aHanu3a ypoBHs SHEProdhHEKTUBHOCTH TEXHOJIOTHH.

ITon0:xeHMs1, BBIHOCMMBIE HA 3AIIUTY:

1. Meton, mo3BOJISIONMNA TIPU MPOSKTUPOBAHUU (IKCIUTyaTallMu) MPEANPUITUH,
UCHOJIB3YIOIINX BOJSHBIE KOHACHCATOPHI U TEIJIOOOMEHHbIE amlmnapaThl, OXJIaKIaeMble
000pOTHOI BOJIOH, ONpEAENsITh (MPOTHO3UPOBATH) NEHCTBUTEIbHBIE KOJIUYECTBEHHbIE
XapaKTePUCTUKU pabOThl 3THX amnmapaToB MPH Pa3IUYHBIX YCIOBHSIX HKCIUTyaTalllH
(pacxo oxJaXIawllel BOAbl U €€ BXOJHAsl TEMIIepaTypa), a 3HaYUT cHOPMYIHPOBATH
TOUHBbIE TPEOOBAHMSA K XapaKTEPUCTHKAM BOJOOXJIAXKIAIOIIUX YCTPOUCTB OOOPOTHOM
CUCTEMBI BOJIOCHAOKEHUS.

2. KoHuenryansHass MOZENb MPOLECCOB COBMECTHOTO TEIIOMAaccOOOMeHa Mpu
UCTIAPUTENBHOM OXJIAXKJACHUM OOOpOTHOM BOJBI B TIpaJUpHE C TOJBUKHBIMU
HACBHIITHBIMU HACAJIKaAMHU.
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3. MeTton panuoHaIBbHOTO BBIOOpa pabodMXx Tel A 3HEPronpeodpasyronux
cucteM, Bkmovas [ITHY, wucnomesyrommx oboporHyro Boxy IIIIT  kak
HU3KOMOTEHIUAJIbHBII MCTOYHUK, C YYETOM COBPEMEHHBIX 3KOJIOT0-dHEPTeTHUYECKHUX
nokasateliel JUisi UX pacuera U MPOrHO3UPOBaHUS.

4. CucreMa KpUTEpHUEB JIJIsi KOMILIEKCHOW OIIEHKU IOJE3HOTO HCIIOJIb30BaHUS
TEIJIOThl 0OOPOTHOM BOJbI, @ UMEHHO: CTENEHb HCIOJIb30BAaHUS TEIUIOTHl B CUCTEME
00OpOTHOTO BOJIOCHAOKEHUSI, HEPEATM30BAHHBIA TOTEHIIMAN JHEProcOepeKeHHUs,
KOd(phULMEHT »HepreTudeckod A(OPEKTUBHOCTH Crocoda yTHUIM3AIMU TEeIJIOTHI,
OTHOCHUTEJIbHAS! CTOUMOCTb COKOHOMJICHHBIX 3HEPTOHOCUTEICH.

5. KoHuentyanpHble MOJ0KEHHUS 0 KOMOMHUPOBAHHOW YTHUIM3alUA 0OOPOTHOM
BOJBI HAa NpeanpusaTusaX numessix npousoActs (I'PHIITHY, I'P+OLIP), no3Bonstonue
MIPOU3BOJUTH SJEKTPOIHEPTHIO M 00ECTIEUNBATH HATPY3KU TOPSIUETO BOJAOCHAOKEHUSI.

JInuHblii BKJIAJA COMCKATeJsl 3aKIIOYaeTcs B aHAIW3€ CYIIECTBYIOIINUX
TEOPETUYECKHUX U IKCIEPUMEHTATBHBIX PAOOT MO TEME AUCCEPTAILINY, TIOCTAHOBKE 3a/1a4
UCCIIEIOBaHMSI; pa3pab0TKe pacueTHBIX METOJUK; MPOBEICHUU PACUETOB; 00pabOTKe U
aHaJlu3€ TOJYyYEHHBIX pPE3yJIbTaTOB; HEMOCPEACTBEHHOM YYacTHUH B HATypPHBIX
UCHBITaHUSAX; (OPMYJIMPOBKE BBIBOJIOB M0 padoTe, odopmieHUM NyOnuKauuil u
anpoOanuy pe3yNbTaToB HcciemoBanuii. B myOmmkamwsx [1-2, 10, 18-20, 28, 31]
coaBropam (mpod. Mopomenko A.B., mpod. Masypy B.A., nou. Jansko B.IT.)
NpPUHAIJICKAT Y4acTHS B OPraHU3alluu SKCIEPUMEHTAIBHBIX PabdoT U OOCYXIEeHUU
IOJyYEHHBIX pe3yabTaToB, B myoOnukammax [11-15, 18, 20, 27, 30, 32, 35] B
coaBTopcTBe € mpod. buprokoBeiM A.b. OBUIM CHCTEMaTH3UPOBAHBI PE3yIbTATHI
UCCJIEIOBAHUI U pAaCKphITa HAyYHasl IpoOieMaTHKa.

CreneHb /0CTOBEPHOCTH W amnpodamusi pe3yabTaroB. J(OCTOBEpHOCTH
MOJyYEHHBIX HAyYHBIX I[IOJIO)KCHUI, BBIBOJIOB M PEKOMEHAAlMKA OCHOBaHA Ha
UCTIONb30BAaHUU  KJIACCHMYECKMX  TOJIOKEHWH  TEXHHUYECKOW  TEePMOIAMHAMMKH,
TEIUIOTEXHUKH W TEIIOMacCOOOMEHa, COBPEMEHHBIX METOJ0B MaTEMaTHUECKOTO
MOJICTTUPOBAHUSI M MaTeMaTHYeCKON CTaTHUCTHKH, HCIIOJIb30BAHUEM COBPEMEHHBIX
MPOTrPAMMHBIX KOMILUIEKCOB, PE3YJIbTATOB IKCIIEPUMEHTATILHBIX UCCIEIOBAHM, a TAaKKe
COIMOCTABUMOCTBIO C YACTHBIMM PE3yJIbTaTaMU JIPYTUX HUCCIeI0BaTeNeH.

OcHOBHbIE  pe3yJbTaThl JAMCCEPTALIMOHHOW  pabOThl  JOKJIAJBIBAIUCH U
00CYXXTalTMCh Ha MEXIYHAPOJHBIX HAYYHO-TIPAKTUUYECKUX OTPACIECBBIX KOH(MEPEHIUIX
Pa3HOr0 YpPOBHSI, OCHOBHBIMH M3 KOTOPBIX SBISAIOTCH. «X0101-2011: IIposkonorust u
sHeprocoepexxenue» (r. Cankr-IletepOypr, 2.02.2011r.); «Boma B mnuIieBoi
npombIitieHHOCTH» (T. Onecca, 2011 r.); «Modern Technologies, in the Food Industry -
2012» (Pecmybmuka Momngosa, 1-3.11.2012r.); «lMHHOBaimoHHBIE pa3pabOTKU B
0o0NacTH TEXHUKH U (U3MKA HU3KUX Temrepatyp» (r. Mocksa, 11-13.12.2013r.);
«IV.Geleneksel Gidalar Sempozyumu» (r. Amana, Typenkas PecnyOmuka, 17-
19.04.2014 r.); « THERMAM 2014, 2016 Symposium on Thermophysical Properties for
Technical Thermodynamics» (r. U3mup, Typenkas Pecny6muka, 2014 r., 2016r.);
«Minsk International Seminar «Heat Piper. Heat Pumps. Refrigerators. Power Sources»
(r. Munck, Pecniyonuka benapycs, 7-10.09.2015 r., 10-13.09.2018 r.); 3rd International
Conference on Thermophysical and Mechanical Properties of Advanced Materials (01-
03.09.2016 r.); «CormansHo-3k0HOMUYecKoe paszButue Poccum» (r. KpacHomap, 20-
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21.04.2017 r.); «DOxomormyeckass curyanuss B JIOHELKOM peruoHe: MpoOIEMBbI
0€e30MacHOCTH W PEKYJIbTUBALMHM MOBPEXKIECHHBIX Tepputopuit» (r. loneuk, 16-
17.05.2017 r.); «Oueprernueckue cucremb» (r. benropox, 28.11.2017r., 29-
30.11.2018 r., 29-30.11.2019 r., 19-20.11.2020 r.); MexxayHapoIHbIH HAYIHBIH (opyM
«HHOBaIIMOHHBIE TepcrekTuBbl  JloHOacca: WHQPACTPYKTYpHOE U COIMAIBHO-
sKOHOMHUYEeCcKoe pasBuTHe» (T. Jonenk, 22-25.05.2018r., 24.05.2022r.); Hay4HO-
npakTuyeckas KoH(epeHuus «ArpornpombliliuieHHas nonuthka Jlonenkoi Haponnoi
PecnyOmuku» (1. Jonenk, 30.05.2019r.); myn MeXAyHapOAHBIX KOHMDEPCHIIHIA:
«CoBpeMeHHBIE TPOIIECCHl B MUIIEBBIX MPOU3BOJCTBAX U WHHOBAIIMOHHBIE TEXHOJIOTUU
oOecrieueHrsl KauecTBa MUIIEBBIX MPOAYKTOB» HammoHanbHas HaydHO-TIPaKTHYECKas
KOH(QEpeHIIUs C MEXKIYHAPOIHBIM Yy4YacTHeM «AKTyalbHbIE MpPOOJIEMbl TEXHHKH,
TexHoJoTun W oOpazoBanus» (T. Jonerk, 15-16.11.2018r.; . Counm, 25-28.01.2021 .,
r. Coun, 24-27.01.20221.); «VIHHOBaUMOHHbIE HAMpaBICHUS HWHTErpalud  HaAyKH,
obOpazoBanust u mpousBozacTBay (T. Kepus, 19-23.05.2021r.); «Modern Kazakhstan:
Reforms in Education and Science» (r. Anmmatel, Pecrnyomuka Kazaxcras,
14.10.2021r.); 16.th International Combustion Symposium (INCOS 2022) (general
engineering section), (r. Aiiasia, Typerkas Pecniyonuka, 09-11.09.2022 r.); exxeroaHsie
MexKadenpaabHble ~ HAyYHO-TEXHMYECKHME  CEMHUHAphl  MHCTUTYTa  IMHIIEBBIX
npousBojactB JJOHHYOT; mexkadenpanbHbie HAyYHO-TEXHUUECKHE CEMUHAPHI Kadeapbl
texuuueckoi Terodusuku JJonHTY (2021 ., 2022 1.).

Myoankamuu. [lo pesynbratam wuccienoBanusi omnyoinukoBaHo 40 HaydHBIX
pabor. Cpemn nyOmukammii 20 B pedepupyeMblx MNEPHOIUYECKUX H3IAHUAX,
BKitoueHHBIX B mepeueHs BAK JIHP, B Tom uucne 2 cratb BAK P® u 3 crateu B
U3JIaHUSX, BKIIOYCHHBIX B MEXKIYyHAPOJIHYIO HAayKOMETpUYEeCKyro 0a3zy Scopus; 2
pa3zena B KOJUIGKTUBHBIX MoOHorpadusx u 18 mybmukanuii B Ipyrux H3AaHUAX,
BKJIIOYAsl MaTepUaibl U TE3UCHl MEXTYHAPOIHBIX HAYUYHBIX KOH(PEPEHIINH.

CrpyKTypa AUCCEPTALMOHHON PAadOTHI ONPEACISIETCA MOCTABICHHON LENBbIO U
COOTBETCTBYET JIOTHUECKOW MOCIEAOBATEIHHOCTH PEUICHHs OIMpPEeNeICHHBIX aBTOPOM
3aja4  uccienoBaHud. Jluccepranus COCTOMT M3 BBEACHUSA, CEMH pPa3/ielioB,
3aKJTFOYEHUS, CIIUCKA JUTEpaTyphl u3 345 MCTOUYHUKOB M HpuiiokeHuil (o0vemom 30
cTpanuir). O6mmit 00bem nuccepraiuu coctasisetr 340 crpaHuil.

OCHOBHOE COAEP KXAHUE PABOTHBI

Bo BBegennu 000CHOBaHa AaKTyaJIbHOCTh TEMBI JUCCEPTAIMOHHOW pPAOOTHI;
chopMyIHpOBaHbl 1I€JIb W 3aJlaud HCCIEIOBaHMS, OIpeaeeHbl OOBEKT, MNpPEIMET,
METO/Ibl MCCIICIOBAHUS; PAaCKpbITa HAy4YHAasl HOBU3HA, TEOPETUYECKAsT U MPAKTUUYECKas
3HAYMMOCTh TOJYYEHHBIX PE3yJIbTaTOB; OTOOpaKeHBbI PE3yibTaThl anpoOaIuu
JIYCCepTalliK; TpeACTaBieHa IMyOJMKAIlMOHHAS AaKTHUBHOCTh, CTPYKTypa M 0O0BeM
paboThI.

B mepBom paszmene «CocCTOsiHHE  HAay4YHO-TEXHHYECKOW  mpolJieMbl
COBEPIICHCTBOBAHUSA TEMJIOMACCOOOMEHHBIX NPOLECCOB W TMOBBIIICHUS YPOBHS
IHEPro’(pPeKTUBHOCTH B CHCTEeMaX OO0OPOTHOIO BOAOCHAOxkeHusi. OmnpenesieHue
3aJa4  MCCJEIO0BAHMI» C  y4YETOM  COBPEMEHHBIX  TEHACHLIMUN  Pa3BUTUSA
MOCJIEIOBATEIBHO PACCMOTPEHBI TEOPETUUECKUE U IPAKTUUYECKUE ACIIEKTHI BOIIPOCOB
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COBEPLICHCTBOBAHUS BOJOOXJIAKIAIOMMX YCTPOUCTB, HCIIOIB3YEMBIX B CHUCTEMAaxX
00OpOTHOTO BOAOCHAOKEHUS, a TaK)KE€ TeHEpallid W PAMOHAIBHOTO HCIOJIb30BAHUS
BTOPHUYHBIX 3HEepropecypcoB (BOP) npeanpustuii numesoit npomeiennocty (I1I1IT),
BKJIIOYasl TETIOBBIE.

OOpailieHo BHUMaHUE HAa HEOOXOAUMOCTh CO3JaHMsl HAYYHO-METOA0JIOTUYECKOTO
WHCTPYMEHTApHUs, NO3BOJSIIONIETO C JOCTATOYHOW TOYHOCTBIO MPOTHO3UPOBATH
TEXHOJIOTUUECKHE MOKa3aTesd padboThl 000PY0BaHUS B 3aBUCHMOCTH OT TEMIIEPATypPbl
U pacxoja oxJIaxKaaromein 000poTHOM BOJIBI.

PaccmoTpensr COBPEMECHHBIEC HaITpaBJICHUS COBEPLICHCTBOBAHUSA
BOJIOOXJIKJAIONINX yCTPOMCTB cHCTEM OOOPOTHOIO BOJOCHA0XEHHS B IIEJIOM, U B
YAaCTHOCTU TpuMeHuTelbHO K ycnoBusim [IIIII. OGocHOBaHO, YTO MEPCIEKTUBHBIM
apisieTcsa mupokoe npuMeHeHuss Ha IIIIII BEHTHMIATOPHBIX TI'palWpEeH B INOJABHKHOU
Hacaakoi. I[Ipum sToM oOOpameHO BHHMMaHue Ha TO, 4YTO i A(PHEeKTHBHOTO
UCITIOJIb30BAaHUSI TAKOTr0 OOOPYIOBaHUS HEOOXOJWMO IMPOBEAEHUE HCCIEAOBAHUI IO
YTOYHEHUIO 3aKOHOMEPHOCTEW MPOTEKaHUSl TEIIOMAacCOOOMEHHBIX IIPOLECCOB U
ONPENEIICHUI0 COOTBETCTBYIOIMX pPALMOHAIBHBIX 3HAYEHUN KOHCTPYKTHUBHBIX U
TEXHOJIOTUYECKUX I1apaMETPOB.

IlokazaHo, 4YTO Ha MHOIMX MNPEINPUATUAX [HILEBON MPOMBILIICHHOCTH
OpOCOBbIE  TEIJIOBbIE TOTOKM  KUJAKOCTEH, MIAyIIHE€ OT TEXHOJIOTHYECKOIro
0o0Opy/i0BaHUsl, MOBTOPHO HE MCIONb3YIOTCS i1 COOCTBEHHbIX HyXA. OHHM, Kak
IPaBUIIO, COPACHIBAIOTCS B KAHAJIW3ALIMOHHYIO CUCTEMY WJIM B MECTHBIE TpaiupHU. DTO
OTHOCUTBCA K 3aBOJaM, KOTOpbI€ BbIpAOATHIBAIOT CHHUPT, MPOU3BOAAT IHBO,
0€3aJIKOTOJIbHBIE  HANWUTKH, MOJOYHYI0O M  MAaclO-)KHPOBYIO  HPOIYKLHIO,
xJ1€000y0uHbIe U3aenus U T.10. [Ipu yCTOMYMBOM pPOCTE LIEH HAa SHEPTOHOCUTENN BCE
9TO B UTOT€ IPUBOAUT K YBEJIMYCHHUIO YIEIBHBIX 3aTPAaT Ha BBIIYCK KOHEYHOMN
npoaykiuuu W ycayr. IlostoMy OZHOW W3 OCHOBHBIX 3aJad  KOMIUIEKCHOU
MoaepHu3auu TeroBoro xossicrea I sBusercs BHeapeHue MeEpONPUATHN,
HaIpaBJICHHBIX HA CHW)XEHUE HEMPOM3BOJIUTEIBHBIX MOTEPh SHEPIHMM M Hauboiee
IIOJTHOE UCIIOJIb30BAHUE BTOPUUYHBIX PECYPCOB.

Ha nHam B3rysg, B mepByro ouyepeap KOMIUIEKCHBIM ITOAXOJ K HCIOJb30BAHUIO
TEIJIOBOTO TIOTEHIIMAJIa OOOPOTHOW BOJbI, BBIPAXKEHHBIM €€ TEeMIEparypo u
pacxosoM, TMO3BOJIUT O0OECTEYUTh HKOHOMHUIO BOJbI, CHIDKEHHE CE0ECTOMMOCTHU
BBIITYCKA€MOM MPOAYKLHU U OXpaHy ONM3JIekKalUX TEPPUTOPUNA 32 CUET YMEHbILIECHUS
WJIU TIOJIHOTO UCKJIFOUYEHUS KaleJIbHOTO YHOCA BOJBI.

B paGore OAHOBpPEMEHHO TMPOBEAEH aHAJINW3 COBPEMEHHOTO COCTOSHHMS,
NEPCHEKTUB Pa3BUTHS KOHLIENTYaJbHBIX TEXHOJOTUM NpPeoOpa3oBaHUsl SHEPrUu
000pPOTHOI BOJIBI, TAKUX KAK TEIJIOHACOCHBIE YCTAHOBKH M YCTAHOBKH, pabOTalOIIKE 110
oprannueckomy nukiny Penkuna (OL[P), B Poccuu u B Mmupe, nokaszaHa crenuduka ux
UCIIOJIb30BAHUSA,  OMNpPEJECICHbl MHUPOBBbIE  TEHACHIMU  Ppa3BUTUA W 00OJacTU
MIEPCIIEKTUBHBIX HAYYHBIX UCCIICTOBAHU.

Ha ocHoBanuu mpoBeqeHHOro aHalin3a OOOCHOBaHAa HEOOXOAMMOCTH PELICHUS
HAyYHO-TIPAKTUYECKUX  BOIPOCOB, CBSA3aHHBIX C  OOECHEYEHHEM  I0JIE3HOTO
WCITOJIb30BAHUS TEIJIOTHI 000poTHOM Boabl B ycnoBusx I pis TermocHaGxenus (c
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MOBBIIICHUEM U 0€3 MOBBIICHUSI TEMITEPATYPHOTO TTOTCHITHAIA BOJIBI) U JUTSI BRIPAOOTKHU
AIEKTPOIHEPTHH.

Bo BrOpoMm paznene «BiausiHMe TeMmepaTrypbl OXJaKAawlleid BOAbI Ha
3¢ PexkTHBHOCTL PadOTHI TEMIOTEXHOJOTHYECKOr0 OOOPYAOBAaHHUA B YCJIOBHAX
NHMIIEBBIX MPOU3BOJACTBY» pa3paboTaH HAYYHO-TIPAKTHYECKUI METO, MO3BOJSIOIUN
Opy  TMPOCKTUPOBAHUM  (IKCIUTyaTallMM) NPEANPUATANA, MCHOIB3YIOIIUX BOJISHbBIC
KOHJICHCATOpbl W TEIJIOOOMEHHBIE amnmaparbl, OXJa)JaeMmble OOOPOTHOM BOJIOM,
OTNpeNeNsITh (MPOTHO3UPOBATH) pealibHbIE KOJIWYECTBEHHBIE XapPaKTEPUCTUKU PaOOTHI
ATUX anmapaToB MPU Pa3IMYHBIX YCJIOBHUSAX SKCIUTyaTaluu (pacxoj] OXJaxKaarouien
BOJBI M €€ BXOJHAsI TEMIIepaTypa), a 3HaAUYUT CPOopMyIHpOBaTH TOYHBIC TPEOOBAHUS K
XapaKTepUCTUKAM BOJIOOXJIAXKIAFOIINX YCTPOMCTB obopoTHOH CHUCTEMBI
BOJOCHAOKEHUS ¥ TPOTHO3MPOBATH TIOBEACHHWE OOOPYIOBAaHUA TIPH HW3MEHEHUU
apamMeTpOB OXJIAXKIAIOIICH BOIBI, HATIPUMEDP TIPU padOTE B HEPACUCTHBIX YCIOBUSX.

JIOMUHUPYIOIIMMY  HANpPABJICHHUSIMH  HCIOJIB30BAaHUS BOABI B  CUCTEMax
obopotHOro BogocHabxxeHust Ha I siBistrorest:

- OXJIQXKJICHUE KOHJIEHCATOPOB U KOMIIPECCOPOB XOJIOAUIIbHBIX YCTAaHOBOK;

- OXJIQXKJICHUE BO3/YIIHBIX 0€3MaCIISIHBIX BUHTOBBIX KOMIIPECCOPOB;

- OXJIQXKJICHUE BAKYyM-HACOCOB;

- obecrieueHne TEXHOJOTUYECKOro Mpollecca B BAaKyyM-BBIIIAPHBIX ammaparax,
KOHJICHCATOpax, MacTEePU3ALMOHHO-OXIaAUTEIbHBIX YCTAHOBKAX.

UccnenoBanne BIMSHUS TEMIEpaTypbl M PacXxo/la OXJAXKIAOMIEH BOAbI Ha
3¢ (HeKTUBHOCT, pabOThl TEXHOJOTUYECKOro obOopynoBanus B ycioBusx I
MPOBEJICHO HAa TMpUMEpPE TOPU3OHTAIBHOIO KOXYXOTPYOHOTO KOHJEHCaTtopa ¢
MPOTUBOTOYHOM CXEMOM JBMKEHHUS TEIUIOHOCHUTENeH (XJ1aJlareHTa W OXJIaXKJarouien
BOJIbI), KOTOPBIM SIBJSIETCSI HEOTHEMJIEMBIM 3JIEMEHTOM CpelHEeTeMIepaTypHOU
aMMUAYHOW XOJOAWJIBHON MAIIMHBI.

B pesynbraTe pacueTHOro ucciie10BaHus 3HAYCHUE TEMIIEPATYPhl OXJIaXJAIIEH
BOJIBI HA BBIXOJIE W3 ammapara MPEJIoKEHO PACCUUTHIBATh M3 YPABHEHUS TEIJIOBOTO
Oananca Kak (PYHKIIMIO 3HaYEHHUS TEMIIepaTyphl BOJIbI HA BXOJIE M €€ pacxoa:

KFt,
G,C,t; +kFt, ——*
t” — (1)
2 kF
G,cC, +7
rne G, — wMaccoBeli pacxonq BOIBI, Kr/c; tj, t; — TeMIeparypa XOJOIHOTO

TEIJIOHOCUTENIS Ha BXOJE M BBIXOJE M3 anmapara (B HalleM cllydae — BoJa), t/ =t'=t

— TeMIiepaTypa ropsiaero terioHocurens, °C; ¢; — yaenbHas MaccoBas TETUIOEMKOCTh
xonoxuoro temtonocurens, Jx/(xrK); K — koopduuuent remnonepenaun, Br/(M*K),
F — momazps Temionepeaaolei MoBepXHOCTH TeIJI000MEHHUKA, M2,

[Tpon3BOAMTENBHOCTL almapaTa MO CKOHJICHCHUPOBAHHOMY IMapy XJajgareHTa
MpEICTaBIeHa KaK (PYHKIUS TeMIepaTypbl OXJIAKJAIONIEH BOJBI Ha BXOJIE M pacxoja
OXJIaXKIaroIe BOJbI:
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_kF( -1 )

G
il r

(2)

rane Gi1 — MaccoBbIl pacxoa XOJOAWJIBHOTO areHTta, Kr/c; i — yaenpHas TerioTa
napooOpa3oBaHus XJagareHra, KJx/Kr.

Takum 00pa3oM, HCKOMBIC BEIMYWHBI: TPOW3BOJUTEIBLHOCTH ammapara I1o
CKOHJICHCUPOBAHHOMY Tapy M TeMIepaTypa OXJIaxJIaroeil BOAbl Ha BBIXOJE SBISIOTCS
GYHKIUSIMH pacxo/1a OXJIAXKTAFOIICH BOIBI M 3HAYCHHS €€ BXOHOW TeMITepaTypHhI.

[TapameTpuyueckuii aHanu3 peaJd30BaH B MPOrpaMMe aBTOMATU3UPOBAHHOIO
npoektupoBanus Mathcad muis crenyromumx MCXOMHBIX TaHHBIX: TEMIIEpaTypa mpoiecca
n300apHO-U30TEpMUUECKON KOHIeHcauuu ammuaka t) =t’= 313,15 K; temmneparypa
000pOTHOI BOBI, MOJJaBAEMOM Ha KOHAEHCATOP, UMEET TeMriepaTypy Ha 3...5 K Bhiie,
yeM TeMmIlepaTypa M0 MOKPOMY TEPMOMETPY OKPYKAIOIIEro BO3/yXa; TeMmIeparypa
BOJIbI, TIOKUJaromed KoHnaeHcarop, He mnpesbimaer 308 K; 3nauenus koadduimenta
TEIUIOOTAAYH O TPU TypOYJEHTHOM TEUEHUH BOJbI B TPyOE COCTaBISIOT
1000...8000 Br/(M**K); nmana3oH 3HaueHWii Kod(QQUIUEHTa TEIIOOTAAYM 0
coctasnseT ot 4000 1o 12000 Br/(m?-K).

['padmyeckue 3aBUCUMOCTH, IMOTYYCHHBIC HA OCHOBaHWU BhIpakeHuid (1) u (2) B

nporpammve Mathcad, mokasansr Ha pucynkax 1-4.

t2”, OC 43 T T t2"’ OC |

46

40 | | | | | | | |
3, 7 3 4 £
26 28 30 2 34 40 5 0 5

t,’, °C Gy, kr/c
Puc. 1 — 3aBUCHMOCTh KOHECUHOM Puc. 2 — 3aBUCHMOCTh KOHCUHOMU
TEMIEPATYPhl OXJIAXKAAEMON BObI B TEeMIEPAaTypPhl OXJIAXKAAEMOMN BOJbI B
KOHJICHCATOPE OT HAYaJIbHOM TEMIIEPATYPbl  KOHAEHCATOPE OT MACCOBOIO PAcXoa
BOJIbI TIPY MaCCOBOM pacxo/ie: MIPU HaYaJIbHOU TEMIIEpaType BOMbL:
1-— 62:60000 KF/‘IaC; 1— t2r=35 OC; 2_ tz':30 OC; 3_ t2’: 25°C

2 — G,=30000 kr/4gac; 3 — G,=15000 kr/gac

AHanu3 MNOpPeACTaBICHHBIX PACYETHBIX JAHHBIX IO3BOJISIET OTMETUTh Kak
0KMJAEMYI0 3aKOHOMEPHOCTH: YMEHBIIEHHWE pacXOa BOABI MNPU NPOUYUX PABHBIX
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YCIOBUSIX IPUBOAMT K YBEJIIMYEHUIO €€ TEMIIEPATyphbl Ha BBIXOJE U3 almapara; Tak U He
COBCEM OYEBUJHYIO: YBEIIMYEHUE TEMIIEpPaTyphbl BOJABI HA BXOJE IPHU MPOYUX PABHBIX
YCIOBUSIX MPHUBOJUT K HEKOTOPOMY CHIDKEHHIO TEMIEpaTypbl BOJbl Ha BBIXOJE.
OOBbsicHEHHE BTOpPOl 3aKOHOMEPHOCTH 3aKJIIOYAETCsl B TOM, YTO B 3TOM Cllydae
IIPOUCXOJIUT YMEHBILIEHHE CPEJHEro TEMIEpaTypHOro Mepernajaa B ammapare, U BojAa
OTBOAMUT MEHBLIE TEIJIOTHI, YTO MPUBOIUT K CHIXKEHHUIO ITPOU3BOIUTEIBHOCTH arlapara
[0 CKOHJIEHCUPOBAHHOMY Mapy XOJoAWJbHOro areHTa. Ha pucynke 3 mnpuBeneHa
3aBHCHMOCTbH BBILIECYKA3aHHBIX 1APAMETPOB.

G, kr/C; Gy, kr/c ' '

o 1 1 1 1 1 | |
2 2 2 (1}
26 28 30 32 t,'. °C 5 m

Gy, kxr/c
Puc. 3 —3apucnumocts Puc. 4 — 3aBHUCHMOCTB
IIPOU3BOAMTEILHOCTH allllapaTa Mo IIPOU3BOAUTEIILHOCTH alapara 1o
CKOHJICHCHPOBaHHOMY Tapy pabouero CKOHICHCHPOBAHHOMY I1apy
TeJla OT HAYaJIbHOM TEMIIEPATypPhl BOJIbI pabouvero Tena 0T MaccOBOTO
[IpHA MacCOBOM PACXOJC. pacxoja Ipy Ha4aIbHON
1 —G2=60000 kr/4ac; 2 — temneparype Boasl: 1 — t,'=35 °C;
G,=30000 KF/‘{aC; 3 — G,=15000 kr/4ac 2 -1,'=30°C:3-t,'=25°C

B memom ¢ noBeimenneM G, U CHMKEHHWEM 3HAYCHHS HAYaJIbHOW TeMITepaTyphl
BoAbl 1) TIPOM3BOAMTENHHOCTH ammapara IO CKOHJACHCHpoBaHHOMY mapy Gj
noBeimaercsa. [Ipu ¢dukcupoBannoMm pacxoge G, cumwkenue t' Ha 5°C mpuBOIUT K
yBenuuenuio G; 6osee, ueM B 2 pasa (pUCYHOK 4).

Takum 00pa3oM, Ha MIMPOKO MPUMEHIEMOM B XOJIOAMJIBHOW OTPACiId TPHUMEPE
TEIJIOOOMEHHOTO ammapara IoKa3aHo, KaK MpU TOMOIIM pa3pabOTaHHOTO HAyYHO-
000CHOBaHHOTO WHCTPYMEHTapHs pazpadaTsiBacTcs IUGPOBOM TBOWHUK JHOOOTO THIA
KOHJICHCAaTOpa XOJIOJWJBHOM MAIlIMHBI, OXJaxaaemMoro ob6opoTHoil Bomoil. C ero
MOMOIIIBI0 MOXHO OMPEENATh peajbHble KOJMYECTBEHHBIC XAPAKTEPUCTUKU PAOOTHI
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COOTBETCTBYIOIMX allaparoB B 3aBUCUMOCTU OT Pacxoja OXJIAKIAKOUIEH BOAbI U €€
BXOJHOW Temmeparypbl. Hamnume Takol wuHQOpMAIMK TO3BOJSET OCO3HAHHO
YyOPaBISATh PabOTON  TEIUIOTEXHOJIOTHYECKOTO O0OpYAOBaHHUS TMPU  OTKIOHEHUU
napameTpoB padOThI FPaAUPHA OT HOMHUHAJIbHBIX.

B tpersem pazmene pabotsl «O00CHOBaHME TEOPHUM TeNMJI0MACCOOOMEHHBIX
IPOLECCOB B BOAOOXJIAKIAIOIIMX YCTPOMCTBAX € MOABMKHBIMHM HACaIKaMU» H
HKCIIEPUMEHTAIBHO PaCCMOTpPEHA CTIEM(PHKA KOHTAKTUPYIOIIUX TOTOKOB U COCTOSTHUE
IICEBJIO0KMKEHHOTO CJIOS B BOJOOXJIAKIAIOIIUX annapaTax ¢ MOJBUKHOU HACAKOU.

BriBeieHbl pacyeTHbIE 3aBUCHMOCTH, ITO3BOJIAIOIIME OIPEIEIUTh OCHOBHBIE
MapaMeTpbl CTPYKTYPHBIX XapaKTEPUCTHUK KOHTAaKTUpyrommx cpena. llomydeHsl wu
MPOAHANIM3UPOBAHBI AKCIEPUMEHTANbHBIC JaHHbIE B OOJACTH THUIPOJUHAMHUKU U
TerioMaccooOMeHa [l HOBBIX THUIIOB HACAJOYHBIX YCTPOMCTB MPU HCHAPUTEITHHOM
OXJIQXKJIGHUU BOJbl. DTU JaHHBIE HEOOXOAUMBI ISl pa3pabOTKM METOJIUK pacyeTa
BEHTWIATOPHBIX I'PaAUpPEH C MOABMIKHOM HACAAKOW Ha 3aJaHHYIO IIPOM3BOJCTBEHHYIO
MOIIHOCTb.

BaxxHoll BenMuMHOM, onpenenstomeil 3pPeKTUBHOCTh anmnapaToB € MOABUKHOM
HacajJKoW, SBJIsSeTCS 3HaveHHe moBepxHOcTH KoHTakTta (a3 (IIKD). CocrosHue
NICEBJIOOKMKEHHOTO ~ CJIOSL  ompeneisieTcss Mexay (a3HbIM — B3aUMOJIECWCTBHEM
JKUJKOCTHBIX IUICHOK Ha IIOBEPXHOCTH JJIEMEHTOB, CTPyHM M Kameiab C Ta30BbIM
IIOTOKOM, a TaK/K€ B3aUMOJEHCTBHEM DJIEMEHTOB HACAJKU JIPYT C APYrOM, ILUICHKaMHU,
CTPYSIMH M KaruisiMH. JKUIKOCTh, HAXOASIIAsCS HAa MOBEPXHOCTH 3JIEMEHTOB B BHJE
IUIEHOK, TMEPETEKAET U3 JJIEMEHTA B JJIEMEHT B BHJE CTpyW. PaspynieHue IUIeHOK H
CTpyH MOXKET MPOU30MTU C 0O0pa30BaHMEM KaIUIM IOJ BIUSHUEM ra30BOT0 MOTOKAa U
AJIEMEHTOB HACA/KU.

[Ipu mopenmupoBaHuM mpouecca (HOPMUPOBAHMS TICEBIOOKMKEHHOTO CJOS H
TEIUIOMACCOIIEpEHOCa B ammaparax C IOABM)KHOM HACBITHOW HACAJAKOW IOJYYEHBI
BBIPAKEHUS I ONPENEIICHNs pacXoa KUJIKOCTH B IUIEHKE CMOYEHHOW MOBEPXHOCTH
Hacaaku (3), KPUTHUECKOW CKOPOCTH rasza, MPU KOTOPOW HAYMHAETCS WHTCHCHBHBIN
BBIHOC Kariejb (4), BeIMYHUHBI KalleJIbHOTO YHOCA U3 IMICEBI00KMKEHHOTO ci1os (5):
op 52 T,5,

T 3)
3v p,d,. oda 2v.p..

XK

1 . 2
G, =—| gsina———
rae Vi — KUHEMaTU4eCKUi KOA((UITMEHT BSI3KOCTH KUJKOCTH, M2/c; 0 — YCKOpEHHE
CBOOOIHOTO MAAEHUS, M/C%; Py — MIIOTHOCTD KUIAKOCTH, KI/M°; ., — IMaMeTp 31eMeHTa
HACaJKku, M, O, — TOJIIMHA IUICHKK Ha IOBEPXHOCTH HACAIKW IPH yrjie o, M; p —
CTaTHYEeCKOe JaBiieHue, [1a; T — kacarenbHbIC HANPSHKCHUS; OL — YTOJI CTEKAHUS TUICHKH
X)uaKocT (B mpeaenax ot 0 10 7).

23

= 2

K.y. p g S)K(I_SII)
o =582 —= O—————0 4
) p,Ve” P, 05,V i @

9H " C
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rae o — KPUTHYECKask CKOPOCTh T'a3a, IIPU KOTOPOM HAYMHAETCS WHTEHCUBHBIM BHIHOC

Kamenmb, M/C; (¢ — Ta3ocoluepiKaHue, M>/M°, p, — IUIOTHOCTH rasa, Kr/m3, V, —
KMHEMATHUECKUH  KOd(QQUIUEHT BA3KOCTH Traza, M%/c; G — KOd(pQHUIMEHT

MTOBEPXHOCTHOTO HATsDKEHUS, H/M; O — CpemHsIs 10 TOBEPXHOCTH TOJIIMHA TUICHKH, M;
€, — MIOPO3HOCTh JUHAMHYECKOTO CJI0s; § — YCKOPEHUE CBOOOIHOTO TAJICHHUS, M/c%; Ve—

KMHEMATHYECKUH KOO(DQHIMEHT BA3KOCTH IICEBAOOKMKEHHOTO CJIOS, M2/C, oy
HACBITIHAS TJIOTHOCTh 3JIEMEHTOB HACAIKH, KI/M",

G =2G,¢, 1—e_0'7[3:;} | (5)

rane G — BeJIWYHMHA KameJIbHOTO YHOCAa M3 IICCBAOOXKMKCHHOI'O CJIOA, Mg/C; G)K —

pacxop KMAKOCTH, M>/C; O — auamerp (GOPMHPYEMBIX Kallelb B CIOE, M; gy —
JMaMeTpa BUTAHUS Kallellb B CJIOE, M.

14 [Tome3HoCTh 3aBUCUMOCTEN
(3)-(5) 3akmroyaeTcsi B OILICHKE
BITUSTHUS COCTOSTHUS
MICEB/IOOKIKEHHOTO ~ CJIoSI  Ha
TEIJIOMaccoOOMeH npu
OXJIQXKICHUU KHUJIKOCTH B
amnmaparax C MOJIBH>KHOM

HACaJIKOM, TO3BOJSIOIICH IPU
OTpaHUYCHHOU AMIUPUYECKON

uHDopMaIUl O  COCTOSTHUU
MICEeBI00KMUKEHHOTO crnos
MIPOTHO3UPOBAThH 3HAYCHUE
CTPYKTYPHBIX XapaKTEPUCTHUK —
KOJIN4YECTBO YAEPKUBAEMOU
KUJKOCTH, BEJINYMHY
MOBEPXHOCTU  KOHTakTa (a3,
KaIlleJIbHbIN BBIHOC pu
M3MEHEHUU KOHCTPYKTHUBHBIX
(Powy Uox) 1 pexuMHBIX (®r, Ox)
napaMeTpoB.
Puc. 5 — DkcnepuMeHTanbHbIN cTeHa: 1, 2, 4 - st HUCCJICNOBAHUS
BEPXHsIsl, paboyasi U HUKHSIA KaMepbl; 3 - OJI0K I'MAPOIMHAMHUKH HaCaT0THBIX
poTaMeTpoB; 5 - Hacoc; 6 - BOJSHOU 0ak; 7 - YCTPOHCTB U TEMIOMaccooOMeHa
BoJsiHble TOHBI; 8 - TOH perynstopa ty; B YCJIOBHAX  HNPOTUBOTOYHOIO
9 - BentuisiTop; 10 - Bozaymnbie TOHBI; ABWKCHHS  BO3YIIHO-BOJISIHOTO

11 - TOH BentunsaTopa t;; 12 - kanopuMeTpuueckuii TOTOKOB  Oblla  HCIOJB30BaHA
pacxogomep; 13 - pacxogomep KOJIEKTOPHOTO OKCIICPUMCHTAJIbHAA  yCTaHOBKA

tuna; 14 - cenaparop KaneabHOU BiIaru (prcyHOK 9), KOTOpasA
o0OecnieunBaeT BU3YaJIbHOE
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HAOJIOICHUE PA3BUTHSI THAPOAIPOAMHAMUYECKUX PEKUMOB JABUKEHUS BOJIBI U BO3IyXa
yepe3 Hacaaky, a TakKe TO03BOJSIET ONPEICIUTh YACPKUBAIOIIYI0 CIIOCOOHOCTS,
TUIPABIMYECKOE CONPOTUBIIEHUE, TIIYOMHY OXJaXACHHUs BOAbI M KOA(DOUIIMEHTHI
WHTEHCUBHOCTH TEIUIO- U MaCCOOOMEHa.

CTeHl cOCTOSIT U3 TOJIOBHOM YacTH M CHCTEM MOJTOTOBKHM NoTOKa. [IpomyckHas
croco6HocTh — 10 1200 M%/u raza. B paGoueil yacTu pasMelleH KaneabHO-IIEHOYHBIH
OpOCHUTENIb, B BEpXHEH — BOJOpACIpEACNIUTENh TpyOyaTOro THUMNA; B HIDKHEH —
MHOTOCEKIIMOHHBIN BOJOCOOPHHK. B KaMepax ycTaHOBJIEHbI OTOOPHUKH CTATUYECKOTO
JaBJICHHs. 3aMep 3HAYEHUW TeMIlepaTypbl MOTOKOB OPraHU30BaH B HIKHEH Kamepe U
Ha BBIXOJIE U3 Cemaparopa — B TeIUION30JIMpOBaHHOM aAuddy3ope.

Jlnama3zon wu3MeHeHus: mapameTpoB: ., =0,037...0,040 M; ®,=0...6 M/c —
npoTuBoTOKa; ty =25°C...40°C. (T.K. TeMmmepaTypa TOCTyHaromei BOAbl Ha
OXJIQXKJICHHUE B TPAJIUPHIO HE OJDKHA TpeBbImath 65 °C).

[TorpenrHocTh W3MEPEHUS] OCHOBHBIX BEIWYWH, OOYCIOBJICHHAS TOYHOCTHIO
U3MEPEHUM, BHIYUCIISIIACH MTPU 00pabOTKe JTAaHHBIX JIJISi KaXKJOTO OIbITA U COCTABIISICT:
TOYHOCTh CBEJICHHS TerioBoro 6amanca — ot 3 1o 12 %; Ap = 0,2...3 %; &= 2...7 %;
Ns = 6...8 %; OCHOBHBIX KHHETUYECKUX XapaKTepucTHK — &...12 %. KoppektHslii ciocob
MPEICTABIICHUS PE3YJIbTATOB U3MEPEHUN COCTOSI B TOM, YTOOBI yKa3aTh HAWIYUIIYIO
OIICHKY HM3MEpsSieMOM BEIWYUHBI. [[J1 3TOro MpOBOJIMIM HECKOJIBKO (N) OJHOPOIAHBIX
sKCepUMEHTOB. OleHKa UCTUHHOTO 3HAYCHUS U3MEPSAEMOUM BEJIMUMUHBI ONPEEIsiach
Kak cpenHsas apudmerudeckas. i BceX SKCIEPUMEHTANBHBIX HCCIEIOBAHUM,
MPECTaBICHHBIX B JAHHOM pa3jielie, IPOBOJANIOCH HE MEHEE TPEX U3MEPEHUM.

I'eoMeTprueckne XapakTepUCTHKU U3ydaeMbIX dJeMeHTOB Hacaaku (OH)
MIPUBEICHBI B Ta0uiie 1.

Tabnuna 1 — ['eomerprueckre XapakTepUCTUKU JIEMEHTOB MOABIKHON HACAIKH

Neo Marepuan TeomeTpus p,. Kr/m®
HACaIKU d .., MM
1 BcneneHnnni 40,1 248
2 MOJIUTTPOITHJICH 40,3 305
3 [TycToii ety I0uIHbIH 37,1 100...1000 ¢ mmarom B 100
ap, 9aCTUIHO € IUHHAIL]
3aI0JIHEHHBIN BOJOU

C Hay4YHOU M MPAKTUYECKON TOUYEK 3PECHHS BAXKHBIMU MPEACTABISICTCS BOMPOCHI O
XapakTepe Mmepexo/ia HacaJoyHOTO CJIOS U3 CTAIIMOHAPHOTO K MOJBIYKHOMY COCTOSIHUIO
W aHaJIU3 COCTOSHUS TICEBIO0XKUKEHHOTO CJIOS B allliapaTax C MOJBM)KHOW HACBITHON
HAcaJKoH, BBIBOJ (OPMYIIBI, ITO3BOJISIONMICH OMPEASTUTh OCHOBHBIC IapaMeTpPhI
CTPYKTYPHBIX XapaKTEPHUCTUK KOHTAKTUPYIOIINX CPE/I.

Ha pucynke 6 moka3aHbl TIOJy9eHHBIC KPUBBIC TICEBIO0KIKCHHS U BUOPOKPHUBAs
L, (o, Ox) IpH CIEAyIOIIHUX YCIOBUAX: BBICOTA Hacago4dHoro cios He, =0,1 M,
oy = 0,04 M, poy = 300 kr/M3, IIIOTHOCTH OpoIIEHHs Oy = 15 M%/(M%4).
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CraimoHapHOMY COCTOSIHUIO CJIIOSI COOTBETCTBYET MPAKTUYECKH HEW3MEHHBIN
ypoBeHb BHOpoyckopenus (L, =5,5m °%). Iponecc nepexoma DH Kk HoABHKHOMY
COCTOSIHMIO OKa3aJICd 3HAYMTEIBHO CIOKHEE TPAaJWLMOHHOrO npexacrtasieHus. [Ipu
®, =0, 00pa3yloTCd  HEyCTOWYMBBIE  IICEBJOCTALMOHAPHBIE  cocTogHud  OH,
HaOJIoJaeMble IPU HEM3MEHHBIX HArpy3Kax, MEePUOJUYECKUM JBUKEHUEM OTIEIbHBIX
OH (mepecTpoiika ciiosi ¢ “3BMEHEHHEM pazinnuus). X mpogoKuTeIbHOCTh KOJIeOneTcs
OT JIECSITKOB CEKYHJ 10 HECKOJIbKUX MUHYT.

N3MmensieTcss cTpykTypa ciosi u

Lo, 4 Ap, &
& | s KOJIEOTIETCS 3a/1eP/KKa KUIKOCTH B HEM,
T.e. 3HAYCHUE () XaPaKTEPU3yeTCs
1op 03 HEKOTOPLIM TMATIA30HOM
CYLIECTBOBAHUSL.
Iupuna 3TOTO JManazoHa

0F 02 3aBUCHUT OT CTCIECHH IIepBOHAYAILHOMN
VIUIOTHEHHUSI ~ CJIOS,  OMPENeNIIeMOTo
cooctBenHbIM BecoM OH u neiictBuem
BHCIIHUX  HArpy30Kk H  BHOparuii.
Hanpumep, ans OH npu p,; = 300 kr/m®
u d,,= 0,037 M 3Ta BEIMYMHA COCTABIIAET
0,4 m/c.

Y CTaHOBIIEHO, YTO 3JIEMEHTHI IIPU

Pou < 200 Kr/m° MEPEXOAAT B TIOABUKHOE

70F 01

50 0

Puc. 6 — DKcriepuMeHTaIbHBIE COCTOSIHME, MHHYs 3axJIeObIBAaHUE B
3aBUCHMOCTH: 1 — KpuBas CTAalUOHAPHOM COCTOSIHUU; IIPU Poy -
nceBA0OKImKeHusT Ap=f(m;); 200 Kr/M° TICEBI00KHNKECHHUE
2 — BubOpokpuBas L,=f (). OCYIIECTBISIETCS B YCIIOBUSX
3axJIeObIBAaHUS PaCIIMPSOIIETOCS

IICEBJOCTALMOHAPHOTO CJIOS; HPH Py; > 700 Kr/mM® 5Ta KapTMHA COXpaHAETCS IpU
OONBIINX 3HAYEHUAX Hy, MPUYEM YaCTh >KHIKOCTH BBIHOCUTCS 3a TMPENENbl CJIOS U
pacrosnaraeTcsi IOBEpX €ro BEPXHETO Mperiesia B BUJIE CIIOS MEHbI TOMIMHON [y, > 0,02 M.

Ha ocHoBe aHanmu3a MoJy4eHHBIX 3aBHCUMOCTEW BIMSHHUS Harpy3oK IO BOJAE U
ra3y Ha YICPKHUBAIONIYI0 CHOCOOHOCTH CIIOSI TOABMDKHOW Hacamku mpu H=0,1 m
ClellaH BBIBOJ O TOM, YTO MPEANOYTUTEIBHBIM I pealu3alud MacCOOOMEHHBIX
IPOLIECCOB IPEACTABISAETCS AUAMA30H Poy = 200...700 kr/M3, oTIMYaromMiics ITUPOKUM
paboyuM y4acTKOM CKOPOCTHU O, IPUEMIIEMBIMH 3HAUE€HUSAMH YHOca kuIkoctu AG, u
CPaBHUTEJIBHO HEOOIBIION TMHAMUYECKOU BBICOTOM ci1os H,;.

BaxknedmuMu — TUAPOJMHAMHUYECKUMHM  XapaKTEPUCTUKAMHM  TPAgUupeH  C
MOJABW)KHOM HACHIMHOW HAacaJKoOW, HEOOXOJWMBIMHU JJIi WHXKEHEPHOTO pacyera,
SBIIIOTCS. KPUTHYECKHE CKOPOCTH (| ,; ), pacxol] Hamopa B paboueil 30He (Ap),
3afiepKKa KUAKOCTH (Hx) W nuHaMmuyeckass BbicoTa ciosi (Hy). Orta uHbopmarms
MO3BOJISIET BBIOpaTh paboumii pexuMm TermmomaccooOMeHHoro ammapara (TMA),
paccuuTaTh BBICOTY KOJIOHHBI U MOITHOCTh BEHTHJIATOPA.

C y4yetom BiusiHUSA (, U Poy TOIYYEHBI CIEAYIOIINE 3aBUCMOCTH
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- 4320-p* - o, ;
@o = 4320p71,21 + q)K(—1,25-10*‘pm+0,275) ) ( )

3H

Oto ypaBHenue cupaseiuBo mpu 200< p,, <1000 kr/m® 1 5¢ q, <25 m%/(m%).

3HaueHUE ™1 XApaKTCPU3yCT IICPEXOoa K Pa3BUTOMY IICCBAOOXKHIKCHHUIO, T.C. K
OIHOPOAHO IICECBAOOCKMUKCHHOMY CJIOHO!:
. ’
(Dl —1,4 * (DO . (7)

JlnHamMuyeckas BbICOTa CJIOS:

H,=H, +H, (o -o)) 16,2 "10,007q, | (8)

[py o, =, Benmuunna H, = H.,. ®opmya (8) crpasemmsa npu 0, <25 m¥/(m%);
Her =0,5...0,2 M; por = 90...1000 xr/m3; d,y = 0,035...0,042 M.

Takum 06pazom, B pe3yibTaTe BHITIOJHEHUS UCCICIOBAHUA YCTAHOBJICHB HOBBIC
3aKOHOMEPHOCTH MPOTEKAHUS TETIOMACCOOOMEHHBIX MPOIIECCOB B BOJOOXTAKIAIOIINX
YCTPOMCTBAX C TMOJBMXKHOM HacaJkol W pa3paboTaHbl MPAKTUYECKHE OCHOBBI JIJIS
OTIpEeICICHUS] KOHCTPYKTHUBHBIX M TEXHOJIOTHYECKUX TIapaMETPOB MPOCKTUPYEMBIX
YCTPOMCTB.

B uverBeprom pazjene «CHHTE3 CMCTEM HMCHOJIbL30BAHNUS TEIJIOTHI 00OPOTHOM
BOJAbI 0e3 MOBBbILIEHUSI €€ TeMIEePAaTyPHOr0 YPOBHSI» IPOAHAIU3UPOBAHBI
BO3MOYKHOCTH MCTOJB30BAHMS TETUIOTHI BOJIBI B IIMKJIE 0OOPOTHOTO BOJIOCHA0KEHUS 0€3
MOBBIIICHUS €€ TEMIIEPAaTypHOTO YPOBHS [IJISi TEIUIOCHAOKEHUS U TPEIJIOKEHbI
KOHKPETHBIE CXEMHbBIC PEIICHHS.

Ha IIIII Temneparypa 0OOpOTHON BOMABI, HAIMpaBIsEMON Ha OXJIAXICHHE,
00br4HO coctaBisier 30-45 °C. DTOT TeMnepaTypHbIii YPOBEHb CYIIECTBEHHO HUXKE TEX
3HAYCHUN, KOTOPHIC TPAJAMIIMOHHO HCITOJNB3YIOTCS IS TEIJIOCHAOKeHUs (OTOIUICHHUE,
ropsidee BOJOCHAOKCHHE | BEHTWIIMSA), OTHAKO JakKe TaKOW TeMIepaTypHbBIN
MOTCHITMAT TMPEIIOKEHO WCIOIb30BaTh IS BBITOJHCHHS 3a7ad TETUIOCHAOKCHHS C
IIETbI0 SKOHOMHUH YHEPTETHICCKUX PECYPCOB.

B pabote mpemyiokeHbl CXEMHBIC PEIICHUS ISl OTOTUICHUS, CHCTEMBl «TETLIBIH
1oJ» (PUCYHOK 7), CHCTEM MpPEIBAPUTEIBLHOrO MOJ0TPEBa BOJLI B CUCTEMAax TOpSYero
BOJIOCHAO)KeHHUsT (PUCYHOK 8), [UIsi CHUCTeMbl BEHTHIIAIMH BO3JyXa THIA «YUILICP-
(bankonI» (pUCYHOK 9).

Cormacao Csoxay Ilpasun 30.13330.2016 pacueTHOe 3HAUEHHE TEMIEPATYPHI
ropsiaeii BOAbI HE3aBUCUMO OT MPUMEHSIEMOM CUCTEMBI TETNIOCHAOKEHHUS JODKHA OBITh HE
mwke 60°C u ne Bbmme 65°C. TemneparypHbiii ypoBeHb OOOPOTHOM BOJBI,
HaIpaBJIsIeMON Ha OXJIAXKJICHHE, HE TMO3BOJIIET HArpeBaTh BOJOMPOBOIHYIO BOIY [0
3aJJaHHOW TEMIIEPATYPHI.

Opnnako, y4YWMTHIBas, 4YTO TEMIIEpaTypa HCXOIHOW BOJOIPOBOJHON BOJLI B
TEUEHUE roja MeHsercs B mpezenax S...15 °C, nmpu nmomomu 000pOTHOW BOJIBI MOXKHO
MIPOBECTH MPEABAPUTEIIBHBIN MTOJOTPEB BOIOIIPOBOTHOMN BOIBI.
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[lomobnast TexHUYeckasi 3ajaya pelaeTcsl MpU pealin3alyy JBYXCTYIEHYaTOro
NOJIOrpeBa BOJABI B TEIUIOBBIX ITyHKTax 3/JaHHUM, NPHUCOECIUHEHHBIX K CHCTEME
HEHTPAIM30BAaHHOTO TeIUIOCHAOKeHus. B 3ToM ciydae mpenBapUTEIbHBIN MOJOTPEB
BOJIOTIPOBOTHOM BOJIbI TPOU3BOAMUTCS 3a CUET UCTOIB30BAHMSI TEINIOTHI 0OPAaTHOM BOJIBI,
UIyled OT TEIJIOMCHOJB3YIOIUX YCTaHOBOK B 00paTHyl0 Maructpayib. I[lpu stom
peraroTcs B 3a/1auu:

o0

At=5..20°C

s
2 PN

Oxnaxnaemoe

Ar=5..20°C o6opyoBaHKe
1=35..45°C

[><] \Y

OxnaxkaaemMoe TennooOMEeHHHK
obopysoBaHue

1=35..45°C

N

Tennoobmennuk

W3 Boaonposoja

B TenioByio ceth W3 cuctemsl oTonieHus
t=70°C
1..-90°C

W3 rerosoii cetn
Ar=115°C B cucremy
OTOMICHHS

r
Ha I'BC S,

A1=60...65°C

1=30...40°C

LupKyasunoHHbl it L{npKyIsUHOHH b
Hacoc Hacoc

Puc. 7 — CxeMa NOAKIIOUECHUS Puc. 8 — CxeMa MOgKITIOUCHNUS
CHUCTEMBI «TEIUIBIA MOJI» K CHCTEME CHUCTEMBI TOPSUETO BOJIOCHAOKEHUS
000pPOTHOTO BOAOCHAOKEHUS K cUCTEMEe 00OPOTHOTO
BOJIOCHAOKEHUS

— BO-TIEPBBIX, CHUKACTCS PACXO0J] CETEBOM BOJIbI, UTO CIIOCOOCTBYET YBEITUUCHUIO
MIPOMYCKHOM CITIOCOOHOCTH TPyOOIPOBOJIOB TEIJIOBOM CETU U CHUKEHUIO TOTPEOIIsIeMOoit
CETEBBIMHM HACOCAMU AJIEKTPUUYECKON MOIIHOCTH;

— BO-BTOPBIX, CHIIKAETCS TeMIepaTypa BOAbI B 0OpaTHOM TpyOOINpOBOAE, YTO
YMEHBIIIAET MOTEPH TEIUJIOTHI B HAPYXKHBIX CETAX, a MPU TeruiocHaOxkeHuu oT TOIL]
CIIOCOOCTBYET  JOTOJHHUTEIBHOW  BBIPAOOTKE  AJIEKTPUUECKOM  DHEPrud IO
TeII0(hUKAIIMOHHOMY ITUKITY.

B npennmaraemoii cxeme B TEIJIOOOMEHHHKE II€pBOM CTYIIEHM HarpeB
BOJIONIPOBOJIHOM BOJIbI OyAE€T MPOU3BOAUTHCS 3a CUET MCIOJIb30BAHUS TEIJIOTHI
00OpOTHOM BOJIbI, OCTAJIbHAS YaCTh CXEMbI OCTaeTcsi 0e3 m3MeHeHuil (pucyHok §). B
HEeM XoJiogHash Boaa ¢ Temmeparypoit +5 °C mogorpeBaetrcs no 30...40 °C. 3arem
MoJiorpeTasi BoJa TMOJAeTCs BO BTOPYIO CTYNEHb W JIOTpeBaeTcs 0 Tpebyemoit
TeMriepaTypsbl, 00braHO 60 °C, TOpsSYMM TEIUIOHOCUTENEeM. BTopas cTyneHb BKIIOYaeTCs
napasuiesIbHO UJIY MOCJIEA0BATEILHO CUCTEME OTOIIICHUS B 3aBUCUMOCTH OT CXEMBI.

Pacxon cereBoii Bombl Ha I'BC — BenmuumHa mnepeMmeHHas. IlocTosiHHas
TeMmreparypa ropsiuei BOJIBI Ha BBIXO/JIC u3 MoJI0TpeBaTEIIS
NOAACPKUBAETCA PETYIATOPOM TeMiiepatypsl PT B 3aBucHUMOCTH OT €€ pacxoja.
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ITockonbKy TeMIeparypa OXJaXJaaeMoul OOOpPOTHON BOJIBI BBIIIE 3aJaHHOM
TEMIIEpaTypbl BO3JyXa, OYEBHAHO, YTO C €€ IMOMOIIBI0 3ajada IOJ0rpeBa
BEHTUJISILIUOHHOTO BO3/[yXa MOXKET OBITh TAKXKE pelIeHa.

o) OnHako BBUAY TOTO,
4TO TeMneparypa
oxXJIaxXJaaeMol  0O0OpPOTHOM

> BOJIBI CYIIECTBEHHO HHXKE

%?;;iiiﬁﬁi TpaIUuLIMOHHO TIPUHATOU
, :ss“.45°c/l\ TEMIEpaTypbl  IPEIOLIErO
7 % TEIUIOHOCUTENS, HampaBJIs-
Tennoo6MmermmK eMOT0 B Kanopudep,
pelIeHne 3a1a4uu o
MIPEIIOKEHHOMY yTH
MPUBEET K CYIIECTBEHHOMY

i O6cnyKrBaemMoe v
@_ MOMEIEHNE YBEJIMYCHUEC Tpe6yeMOI/I

At=5..20°C

@ - £\ MOBEPXHOCTU TEII00OMEHa
LupKynsaunOHHbIH Kaﬂopﬂcpepa'
Hacoc Cxema MOJKIIOYCHUS
Puc. 9 — Cxema nogxintoueHus kanopudepa Kanopupepa LEHTPAILHOIO
LIEHTPAJIBLHOI0 KOHIUIIMOHEPA KOHIMIIMOHEpAa K CHUCTEMC
K cCUCTEMEe 000pOTHOTO BoJIoCHa0XeHus: 1 — 000pOTHOTO
HAIPAaBIIAIONINE PEIICTKH; 2 — QHIBTP; 3 — BOASHOMN BOJIOCHA0KEHHS  [OKA3aHa
Kkasiopudep; 4 — oxJIaaUTeNb; 5 — BEHTUISATOP Ha pUCYHKe 9.

Nnes wucnosb3zoBanus
TEIJIOTHl 0OOPOTHOU BOJBI B Kayiopudepe MEHTPAITBHOTO KOHIUIIMOHEPA MOXKET OBbITh
chokycupoBaHa 1 Ha (paHKoilI, paboTaronuii B pexxuMe 000rpesa.

B marom paspene «MopgeanpoBaHue CHCTEM HCHOJb30BAHUSA TEMJIOTHI
000pOTHOH BOJABI Ha 0a3e NMAPOKOMIIPECCHMOHHBIX TEMJIOHACOCHBIX YCTAHOBOK)
paccMOTpeHbl TeopeThdeckue u aerctBuTenbHble 1ukiIbl [ITHY, paboraromux Ha
XJIaJlar€HTax YeTBEPTOro MOKOJIEHHS W HMCHOJb3yroIux obopoTHyro Boxy IIIIIT kak
HU3KOMOTEHIUAIbHBIA HMCTOYHMK; Pa3BUT HAYYHO-METOIOJIOTMYECKUM MOAXO0Hd MIJIs
pacueta u mnporHo3upoBanusi paboTel [ITHY Ha ocCHOBE COBPEMEHHBIX 3KOJOIrO-
SHEPreTUUECKUX MoKa3arenel. Ha oCHOBE 3KCEepreTM4ecKoro aHaiausa MOKAa3aHo, 4To
MOBBIIIIEHWE TEPMOJUHAMUYECKONM, DHEPreTUYECKOM U  DKOJIOT0-DKOHOMUYECKOU
s dexrrBHOCTH [ITHY BO3MOXKHO 3a cUeT pallMOHAIM3aIliN dTUX CBS3EH.

OO0O0CHOBaHO, 4YTO TIEPBOCTEIICHHOE YCJIOBHE BBICOKOI(PHEKTUBHON padOTHI
HU3KOTEMIIEPATYPHBIX TEXHOJOTHH TMpeoOpa3oBaHUsI HHEPTUM — ITO  BBIOOP
«IPABUILHOTO» paboyero Teia, 4To MPEACTABIASTCS CIIOKHON KOMIUICKCHOM 3a/1auci,
MOCKOJIbKY 93TO BCErJja HEKOE€ KOMIIPOMHUCCHOE PEIICHUE MEXAY JTO0CTATOYHO
MIPOTUBOPEUYUBHIMHU TpeOoBaHusIMU. HeoOXoauMO yUnUTHIBATh aCHEKThI TJIO0ATHHOTO U
JIOKaJIbHOTO, MMPSIMOTO ¥ KOCBEHHOTO BIIMSIHUS XJIA/Iar€HTA HA OKPYKAIOMIYIO CPEIy.

B xome maccMBHOrO »SKCHEpPUMEHTAa IMPUMEHEH HayYHO-METO0JIOrMYeCKUMA
MOAXOJ JIJIsi pacueTa ¥ MPOTHO3UPOBAHUS pabOThl SHEPronpeoOpasyromel CUCTeMbl —
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[ITHY Ttuma «Boma-BoJia» ¢ OJHOCTYIEHYATHIM CkaTthueM (pucyHok 10) — Ha ocHOBe
SHTPONMUNHO-IMKIOBOTO M 3KCEPreTUYECKOro aHaIN30B. M Cnonb30BaHbl MPUPOJIHBIE

XJIQJIaTeHThl M XJIAJIaTeHThl YETBEPTOro TMOKojieHus mo kiaccudpukammu ASHRAE, a
umenHo: R600a, R744, R1234ze u R1336mzz (E).

Gi
tn, / |2” tx,
Y } 2

a) Ve 0)
INAAAAAANAN
5 = Igp
J r.
A
9
Pu
%
) 7
ED: h
5
W

t, L 0 (9

Puc. 10 — IlpunnunuanbHas cxeMa mapoKoMIPECCUOHHOTO TEMIOBOIO Hacoca
THUIIA «BOJAa-BOJIa» (a) M TEpMOAMHAMUYECKUHN ITUKI B (Da3oBoii quarpamme (0):
1 — ucnapurens; 2 — pereHepaTUBHbIN TEMIO0OOMEHHUK,

3 — xoMIIpeccop, 4 — IMEKTPOMOTOP; S — KOHACHCATOP; 6 — PECHBED;

7 — Ipoccenupyrolee yCTporcTBO

bpumi IpUHATEI cllenyronMe UCXOAHbIE TaHHBIE U P JIOMYLICHUM: TeMIeparypa
MCTOYHUKA HU3KOMOTECHIIMAIBLHON TermaoTel — obOopotHo Boabl [T — T, =
293...313 K, mpu ATy = 10 K; 3nauenue temmeparypsl koHmaeHcanuu Tgy = 333 K;
pPa3HOCTh TEMIIEPATYp HA BbIXOJe U3 KoHAeHcaTopa ATky= 5 K; TermnoBas Harpys3ka Ha
kougeHcatop Qxn = 450 xkBt; Bo Bcex anementax IITHY coxpansiercs cranmoHapHoe
COCTOSIHUE; TIOTEpU AaBICHUSI B TPyOONPOBOAAX MPEHEOPEKUTEIHLHO MaJlbl; TEIUIOTa
MIEPENACTCA TOJIBKO IIYTEM TEIUIONEPENAY OT HU3KOIOTECHIMAJIBbHOIO HCTOYHHKA K
XJIaJlareHTy (B MCHapuTesie) U OT XJaJareHTa BBICOKOMOTEHIIMAaIbHOMY HCTOYHUKY (B
KOHJICHCATOpE); HE YUUTHIBAIOTCS MOTEPU KUHETUYECKOW M TMOTEHIUAIBHOU IHEPTUH
MOTOKA; B TEOPETHUECKUX IMKJIAX OCYIIECTBISICTCS aanabaTHOEe CKaTUE XJIaJareHTa B
KOMIIPECCOPE M M30IHTAIBIIHOE pACIIMPEHUE B JIPOCCEIUPYIOIIEM YCTPOMCTBE;
u3osuTponHbiii KITJ] xommpeccopa cocraBiser 85 % (111 TEOPETHYECKOIO IIHMKIIA);
mexannueckui KIIJI kommpeccopa u snmekrpuueckuid KIIJ nBurarenss kommpeccopa
cocTaBisIIOT 85 % u 90 % COOTBETCTBEHHO (IJIsi PEajbHOrO IHUKIA); HapamMeTphbl
oKpyxatoieit cpeanbl — cpeansis temmneparypa HITN 75=303 K npu po = 0,1 MIla.
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Oco0oe BHuMaHue ObuT0 yaeneHo aHanuzy padotsl [ITHY na R744 (nuokcuze
yraepoja), Korga pabouuii IMKI  TOMAgaeT B HAIKPUTHYECKYIO  00JacTh
(TPaHCKPUTHUYECKUN PEKUM), UTO YCIOKHSIET aHAIM3 MpoIiecca 0TBoja Teraothl BITH.

B kommnonoBounsie cxembl I[ITHY na R744 BBeaeH pereHepaTHBHBIN
TEIUIOOOMEHHUK, OCHOBHAs 3ajada KOTOPOTO 3aKII0YaeTCs B YBEIMYCHHUU CTETICHU
MEPEeOXJAKICHNUSI Ha BBIXOJE U3 Ta300XJQJAWTENs 3a CYET BHYTPHUIMKIOBOM
pereHepalyu, 4To BJICUYET 3a COOON yBEIMYCHHE XOJIOIOMPON3BOIUTEIHLHOCTH. 3aMeHa
PETYIHPYIONIETo KiIaraHa TYpOMHOH SIBISIETCS €IUHCTBEHHBIM JOCTYITHBIM BapHAHTOM
JUIS  yAYYIICHUsS TPOU3BOJUTEIFHOCTH CHCTEMBl W YMEHBIICHHS HEOOPaTUMOCTH
nporiecca pacmpenus (1o 18 %).

Jl7is mpOTHO3UPOBAHUS ONTUMAIBHOTO NABJICHHS OTBOJA TEIUIOTHI (IaBICHHUS
HarHeTaHus) H TOCTPOCHHUS TPAHCKPUTUYECKOTO IMKJIAa OblJa HCIOJIb30BaHA
3aBHCHUMOCTb:

e = 4,9+ 2,25t ~0,17t, +0,002t%, =14,4 MITa 9)

Uro kacaeTcsi pUCKOB il O€30MaCHOCTH BO BpeMs pabOThl TMPH BBHICOKOM
JABJICHUH, TO HOBEWIIIME MPOU3BOJCTBEHHBIE TEXHOJOTHM MOTYT O0ECIEYUBATH 3TH
XapakTepUCTUKA B COOTBETCTBUU C TpeOOBAaHUSIMHU CTaHJAPTOB KauecTBa U
0e3onacHoctu. lloTeHIMaIbHBIE MpEeUMyIIecTBa pabOThl TMPU BBICOKOM JIaBJICHUU
3aKJIFOYAIOTCA B TOM, YTO IOBBIIMIEHHAS IJIOTHOCTH MAapoOB MO3BOJISIET HCHOJIb30BaTh
00Jiee KOMIIAKTHBIE CUCTEMBI.

OKCEpPreTHYeCKuii METOJ, OCHOBAaHHBIM Ha II€PBOM M BTOPOM 3aKOHax
TEPMOJIMHAMHUKH, TTO3BOJISIET BHIMOJIHUTH KaK OTHOCUTENbHYIO (9Kkceprerudeckuid KITJT),
TaKk ¥ a0COJIIOTHYIO OIICHKY CTENEeHH TEPMOIMHAMUYECKOTO COBEPIICHCTBA CHUCTEMBI.
[Ipn ananu3e ObUIa yuyTE€HAa 3aTpauy€HHAs OKCEPrus U TMOJIY4YaeMbI TpU 3TOM
skcepretuueckuit KIIJ[. 3amadya coctosima B TOM, 4TOOBI MOJBENEHHAs JKCEPrus B
aHATM3UPYEMYIO CHUCTeMy Obllla MUHMMAJIBHOW U PEaJTu30BhIBAJIACh C MAaKCHMAJBHO
BO3MOXHBIM 3Kceprernueckum KII/I.

DKceprus TEIIOBOTO MOTOKa sIBIsIETCsl paboToi, mosyyaemoii B nukie Kapho,
€CJIM MMPUEMHHUK TEIUIOTHI — Cpella C HEOTPAHUYEHHOW TEIJIOEMKOCThI0. OnpeaeneHne
() PEKTUBHOCTH TEIJIOBBIX IMKJIOB HAa OCHOBE JKCEPruu, a HE pabOThl, MO3BOJISIET
CpaBHUBATh YCTAaHOBKH, pabOTAIOIINE B PA3HBIX YCIOBUSIX OKPY KAIOIIEH CpE/Ibl.

3HayYeHHE yICIbHON SKCEPrUU XJIaJar€HTa B XapaKTEPHBIX TOUKAX Ipolecca:

e.=(h —hy)—T,(s,—5,), (10)
rie o, So — PHTANIBIINSA M SHTPOMHMS XJIaJareHTa MpH MapaMeTpax OKpyKarolend cpeiabl
Tv=303K, po= 0,1 MIIa.
VYpaBHeHue sKcepreTuueckoro 0agaHca yepes yaenbHbie Benuanabl st [ITHY:
2d; =2e, —(2e,, +4e€), (11)
rae >.d,— cymma mortepb Skceprud, kJ/DK/Kr; Ye W Ye, — CyMMBI BXOASIIMX H
BBIXOJSIIIIUX TIOTOKOB DKCEPTrud, COOTBETCTBEHHO, KJDK/Kr; Ae — mpupalieHue
AKCEPTUH CUCTEMbI MEXKy HaualbHOW U KOHEUYHOUN TOYKaMH mporiecca, KJK/Kr.

Okceprernyeckuii KIIJ[ me xapakTepu3yeT CTeneHb HEOOPATHMOCTU PEaTbHBIX

MPOIIECCOB U LIUKJIOB, MPOTEKAIOIINX B SHEPTONPeoOpa3yoIIuX CUCTEMAX:
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2y _ e, —2d, —1— 2d, _
2e, 2e, 2e,

Jliist oOpaTtuMBbIX TiporieccoB norepu 3kcepruu 2d =0 um sxceprerrueckuid KITJ]
Ne = 1, mna HeoOpatuMbix Xd >0 u mMe< 1. Takum oOpa3om, TOTEpU 3KCEPTUU
XapaKTEPU3YIOT HEOOPATUMOCTh MPOUCXOSAIINX B CHCTEME IPOLIECCOB.

beutn yuteHsl Takue nokasarenu, xapakrepusytomum padoty [ITHY, kak:

dKOJOTHYeCKU K03 duImeHnT mpeodpa3oBaHus  (TETIOTpaHCHOPMAIINHN),
MO3BOJISIONIMN BBITIOJIHUTh OILEHKY SKOJOTWYECKOrO BO3JCUCTBUS YCTAHOBKM Ha
OKpPYXaIOIIyI0 Cpeny:

M, = (12)

TH
Ecop=3 , 13

rae (g, — yAeabHas TermnonpounspoautensbHocts IITHY, k/x/kr;
MHJIEKC DKCEPTreTUYECKON YCTOMYNBOCTH

my =21, (14)

N,

Jlns onenku pabotel IITHY Thna «Boja-Bogay», padoTarolieii Ha COBPEMEHHBIX
XJIaJlareHTaX, MCIOJab30BaHO mporpamMmmuoe obOecnedyenne: REFPROF ver.9.0, MS
Excel, CoolPack 1.49. Jlns kaxaoro xjiajgareHTa ObUIA MOCTPOCHBI TEOPETUUYECKUE U
JICHCTBUTENIbHBIC IMKJIBI B JHarpaMMax COCTOsiHHS |g P-h M BBIOJIHEHBI IOJIHBIC
TEPMOJMHAMUYECKUNA M DKCEpreTuueckuid aHaiausbl. OCHOBHBIE TEPMOIUHAMHYECKUE
noKazaTenu, xapakrepusyronwe padory IITHY tuna «Boga-Boaay, npuBeieHsl B TAOMIIE 2.

Tabmuua 2 — TepMoaMHAMUYECKUE XapaKTEPUCTUKUA JCWCTBUTEIBHOTO LUKIA
[TTHY tuma «Boga-Boga» nipu ty = 20 °C u txg=60 °C
XnapareHt/ R1234ze R1336mzz R600a R744
MIOKa3aTelb (E)
Ly 4,72 3,67 4,85 3,1
COPxkarHO 8,33 8,33 8,33 7,53 (COPjioperna)
¥ sciicr 0,57 0,44 0,58 0,41
N, 0,34 0,26 0,35 0,3
ECOP giicr 7,3 5,14 7,61 4,57
NIV weiier 1,96 2,18 1,88 2,37

Ins xnamarentoB R1234ze m R600a 3HaueHUs Ly UMEIOT HE3HAUYUTEIbHYIO
pasHuIly — Ha 2,7%, ¥ cTeNeHb TEPMOJANHAMHYECKOTO COBEPUICHCTBA }, ;.. OJUHAKOBAs

— 0,57; HaumMenbliiee 3HaueHUE Ly U ECOP ey monyueno ans R744. HauOonbiue
3Hauenusa ECOP y uuknoB Ha R1234ze u R600a: oxunaemsiit a¢pdext IITHY noutu B
7,5 pa3 mpeBbIIaeT dKcepreTudyeckne norepu. lloatoMy miis 3agaHHBIX HMCXOJIHBIX

nanubix g [ITHY B kadecTBe pabouero tena nenecoodpasno paccmarpuBarh R600a
u R1234ze.
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B wmupoBo#i mpakThke B Tporiecce BbIOOpa XJAJareHTa B OCHOBHOM
UCITOJIB3YIOTCSl TPU SKOJOTMYECKUX MOKAa3aTeNsl: NOTEHIHAN TJI00AIbHOTO MOTEIICHUS
— III'TT (anrn. Global Warming Potential - GWP), IloiHbIi SKBHBaJICHTHBIH BKJIaa B
napHukoBbIi 3¢ dekt (anrn. Total Equivalent Warming Impact - TEWI ), Bausiaue Ha
kiaumart 3a sxku3HeHHbii muki (anri. Life Cycle Climate Performance — LCCP).

XOTS KOKIbIM U3 TTOKA3aTEJIEH CIIY>KUT OOHOM M TOM K€ LIEIU — KOJIMYECTBEHHOU
OLICHKM BO3JICUCTBHS XJIAJAT€HTOB HA TJ100aJbHOE MOTEIJICHUWE, UX HCIOJIb30BAHHE
MOXET MPUBECTU K Pa3HbIM BhIBOAAM. [loaTOMY MIsI KOPPEKTHOrO MPOECKTUPOBAHUS,
IKCILTyaTaLMH U MIPOTHO3UPOBAHUS paboThI apOKOMITPECCUOHHBIX
DHEPTrONPEeOOPA3yIONINX CUCTEM HEOTHEMJIEMBIM STAllOM JIOJDKHA OBITh OIIEHKA WX
BJIMSIHUA Ha KJIIMMAT 3a BECh CPOK 3KCIUTyaTallUU.

JUtst IpOBeIeHNsI CPABHUTEIBHOM OLIEHKH SKOJOTHYECKUX IOKa3aTesied padoThl
I[ITHY Tumna «Boxa-Bojia» Ha pa3HbIX XJIAJAr€HTAaX B KAYECTBE dTAJIOHHOTO XJIaJareHTa
npuHAT R410A, kak oauH u3 Hambojiee MNPUMEHSEMBbIX Ha JaHHBIA MOMEHT
XJ1aJIaT€HTOB B MAPOKOMIIPECCUOHHBIX CUCTeMax. PacueTHbie 3HAUEHUS IKOJIOTUYECKUX
noKasarteliel MpuBeeHBI B Ta0IUIE 3.

Tadomuma 3 — Pacyernsle 3HaueHus dkoiornueckux mnokaszareneit [ITHY tuma
«Bona-poaa» ty = 20 °C u txg=60 °C

Xnanarent/ R1234ze R1336mzz R600a R744 R410a
TIOKa3aTellb (E)
GWP 7 18 3 1 2000
% ot R410a 0,35 0,9 0,15 0,05 100%
TEWI, xrCO25 16,33 36,33 8,58 10,43 43,3
% ot R410a 37,7 83,9 20,0 24,09 100%
LCCP, kxrCO25s 16,58 36,52 8,64 10,68 45,4
% ot R410a 36,2 80,4 19,0 23,52 100%
% ot TEWI +1,51 +0,52 +0,7 +2,4 +4,84

HUcxonass u3 MONYyYEHHBIX pe3yJbTaToB, HauWOoJee HKOJOTMYECKH YUCTHIM
xnagareHToM ¢ HauMmeHplmmM GWP  saBnsercs R600a co 3HaueHMeM CyMMapHOM
sMuccu 3kBHUBajeHTHOro CO; 3a Bech MepuOJ JKM3HEHHOro mnukia (15 ner) B
8,64 xrcox. HemocpeactBennwiii Bkitax B TEWI BHOcur BenmumnHa kKoddduimeHTa
npeodpazoBanusa [ITHY p.,. Tak, npu ucnosib3oBaHUU XJIaJareHTa, TpeOYIOIero Ha
3% OomnbIe 3IeKTpodHEeprun Ha npuBoj obopyaoanusa [ITHY unu XM, nokazarens
TEWI G6yner moutu B 3 pasa Beimre. Tak, HecMoTpst Ha TO, 9T0 GWP rgopa> GWP gr744 B 3
pasa, sHepronoTpebinenne I[ITHY na R744 nHa 35,26 % OGonbme, yem misa [ITHY na
R600a, a 3HaUUT W ynenbHbIE KOCBEHHBIE BHIOPOCHI OOJIBINE, YTO TOATBEPIKIACTCS
pacueTamu.

"z paccMaTpUBaeMbIX aJIbTEPHATUBHBIX XJIaIar€HTOB HaUXy/IIIH1e
skonoruyeckue mnokazarenu |y R1336mzz  (E), T.k. cyMmapHas 53MHCCHS
skBuUBaJIcHTHOr0 CO, 3a Bech MEPHOJl KM3HEHHOIO IMKJIA MPEBBINIACT aHATIOTUYHBINA
nokasaresb Juist R600a B 4,2 pasza.
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Pesynbrarer LCCP noka3sIBaroT, 4TO MPOU3BOAUTEIFHOCTD CUCTEMBI U BHIOPOCHI
U MPOU3BOJICTBE 000PYAOBAHUS ABIIAIOTCS TOMUHUPYIOIMIMMHU (PaKTOpaMu BEIOPOCOB
CO; B teuenue Bcero cpoka cinyxx0bl [ITHY. PesynpTaThl cpaBHEHUS XJIaJJar€HTOB Ha
ocHoBe TEWI u LCCP npsmonpornopiimoHaabHO 3aBUCIT OT BETUYUHBI TOTPEOIIIeMOi
sHepruu co ctopoHsl [IKTY, uto Takxke orpaxaerca Ha KII/[ cuctemsl.

Omnpenenena 3aBUCUMOCTb 3HepreTudeckoil 3ddextuBHoctu padboter [ITHY,
KOTOpasi BhIpakeHa OCHOBHBIMH TOKazateiasimMu (kKoddduimeHT Termmorpanchopmaium
(wrn), ECOP, oskceprermueckuii  KIIJI (ne), CTEmeHb TEePMOJUHAMHUYECCKOTO
COBEpUIEHCTBA (7., )), OT TEMIEpaTyphl KHIICHUS XJajareHTta. [Ipu moBbIIIeHHN
TEMIEPATyphbl KUIEHNUS Ha KaKIble 5 TpajyCcoB MOBBIIIEHHUE Ly cocTaBmiio: it R600a

— 13...29 %; nns R1234ze — 11...36 %; R1336mzz — 8...34 %; R744 — 7...22%
(pucynok 11).

10 4 7
BR600a
9 a) . ©)
g _ OR1234ze .
7 - OR1336mzz
3]
g6 BR744 2 4
d.)
=5 &
=Y 4 - 3.; 3
37 2
2 -
1
1 -
0 - - Cil s Ele B0 0 Q= L= s Ly
283 K 288 K 293 K 298 K 303K 283K 288K 293K 298K 303K
TeMIepaTypa KHIIeHHA XJagarenta, K TeMmnepaTypa KHIeHHA Xaaaarenta, K

Puc. 11 — 3aBucumocTts pry = f(ty) 11 Teopetndeckoro (a)
U JICUCTBUTENHHOTO (0) IIUKJIIOB

Haunbonwimee abcomoTHOe 3HaueHWe KodduimeHnTa TermoTpachopmaiiu
3adukcupoBano s R600a, a HamMeHbIIWE aOCONIOTHBIC 3HAYCHMS I KaKIOu
Temreparypsl kurneHus st R744. YcpenHeHHbIE 3HAYCHHS  w.reop! Mrmeneiier  JIIS
KaKIO0ro HcciaeayemMoro pabodero Tema cocrtasumm: mas R600a — 7,0/4,82 %; nmns
R1234ze — 6,1 %/4,2 %; R1336mzz — 5,7 %/4,0 %; R744 — 4,46 %/2,8 %. Tak »xe ObLIO
ycTaHoBJIeHO, 4to it padotel IITHY mis oGecrieueHuss ropsiyero BOJOCHAOKEHUS
M3MEHEHHE TEMIIEpaTypbl HU3KOMOTEHIIMATBHOIO UCTOUHUKA B npenenax 20...40 °C He
OKa3bIBaCT CYIIECCTBEHHOTO BIUSHHUS Ha BEIMYUHY (ry. 3aBHCHMOCTH Me =f(ty) HOCHT
PSAMOTIPONIOPIIMOHATIBHBI ~ XapaKTep: C YBEIWYCHUEM TEMIIEPATypbl KHUIICHHUS
skcepretrdeckuii KIIJ[ cucTteMbl MOBBIMIACTCS JUISI BCEX HMCCICAYyEMBIX XJ1aJIar€HTOB
(pucynox 12).

[TonoOHBIN pe3ynbTaT MOATBEPKIAACTCS B paboTax 3apyOeKHBIX HMCCIeaoBaTeNen
st apyrux xnagareHtoB: R1234yf, R1234ze, R245fa u R227ea. B Teopernueckux
IUKJIax HamOosiee BhICOKOE 3HaueHHe Ne Y R600a u R 744 mns xaxmon temmeparypbl
KuneHus. B AeiicTBUTENBbHBIX XK€ UMKJIaX HauMeHbIe 3HaueHus y R1336mzz.
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05
0,6 3 9)
a) @R600a . 045
=
§ 0,5 OR1234ze ’E 04 B
g - OR1336mzz g 0.35
= 04 ®R744 = 03
z z O
£ 03 Z 025
< £
= 02 £ 0,15
[
s £ o0l
g 01 2
o £ 0,05
0 Eie 15 e 10 e o EENE BCTE EOTE EoEe SO
283K 288K 203K 298K 303K 283K 288K 293K 298K 303 K
TeMIepaTypa KHIeHHsI Xnagarenta, K TeMIlepaTypa KHIeHHs Xaagarenra, K

Puc. 12 — 3aBucumocTts M. = f(ty) 11 TeopeTnaeckoro (a)
U JICMCTBUTENLHOTO (0) IIMKIIOB

[IpoBeneHHBINA yrayOJE€HHBIN 3KCEPreTUYECKU aHaJIW3 MPUKIAHOTO 3HAYEHUS
YKa3blBA€T HA MECTOINOJOKEHHE, BEIMYMHY M MCTOYHUKH TEPMOJMHAMHYECKHUX
HeoOpaTUMOCTEN B 3HEpronpeoOpasymolieit cucteme. PacnpeneneHrue noTepb SKCEPrun
[0 BJIEMEHTaM Hacoca Uil HUCCIEQYEeMbIX XJaaareHToB (pucyHok 13) mo3BossieT
BBIJICJIUTH KOMIIPECCOP U KOHJIEHCATOP KaK AIEMEHTBI ¢ HAUOOJbIIUMHU OTEPSIMH.

[TepBonprYKMHON MOXHO CUMTATh HEKOHTPOJIUPYEMBIM TEIIIOOOMEH OT CTEHOK K
OKpYXaroleMy BO31yXy. B TeopeTnuecknx LHKIaX Ha KOMIPECCOP M KOHJIEHCATOp
npuxoautcs B cpenneM 30 % Bcex moTepb, a B AelcTBUTENbHOM — Ha 45 % u 22 %,
COOTBETCTBEHHO. T.e. HMEHHO 3TH Y3JIbl HEOOXOAMMO YCOBEPIIEHCTBOBATh, YTOObI
NOBBICUTH 3()(PEKTUBHOCTH pabOTHl YCTaHOBOK. Kak /sl MPUPOJHBIX XJIaJareHTOB, TaK
U IS XJIQJAreHTOB YETBEPTOrO NOKOJIEHUSI HANMEHBIINNA «BKJIA) B OTEPH IKCEPrUU
NPUXOIUTCA HAa PETEHEPATUBHBIN TEIIIOOOMEHHUK (3(Q(PEKTUBHOCTH COCTABHIA M5, =

88...93 % — nusa TeOpeTHYECKUX LMKIOB U 15, = 90...94 % — s 1elcTBUTEIBHBIX

IIUKJIOB).

Jlns  nanpHEWIed OLIGHKU M BbIOOpA «KEIaTeIbHOIro» XJjajareHra Jyis
paccmarpuBaemort I[ITHY Obu1  ucmonb3oBaad  METOJ,  MHOTOKPUTEPHAIBHOMN
ONTUMHU3AIMHU. /{711 MHOTOKpUTEpHUATBHBIX 3a]1a4 JIOKAJIbHbIE KPUTEPUU OOBIYHO UMEIOT
pa3HbIil (PU3UYECKUN CMBICI U, CIEIOBATEIIbHO, HECOIIOCTABUMBIE Pa3MEPHOCTU. ITO
YCIIOKHSIET PEIICHHEe MHOTOKPUTEPUATBLHOW 3aaud W TPHUBOJUT K HEOOXOIUMOCTH
BBEJICHUSI TPOLEAYPbl HOPMAIM3ALMU KPUTEPHUEB WIIM TEPEBOJ 3TUX KPUTECPUEB B
0e3pasmepHblii Bua. [Ipu stom o0o0mennsiit kpurepuii D, . (dopmynsr (15)-(19))

MPEACTABIIIET COOOM CyMMY BCEX OLIEHOK.



26

ER600a ER744 ER1234ze R1336mzz

26%

22%

5%

21%
19%
12%
10% oy

I%II I

HdpoccenerHas  HcnmapHTIEDE
VCTAHOBKA

8%
5%

/1eMeHTHh] TeILIOBOT0 HAacoca

15%
16%
11%
7% Mﬁg/ 7%

ER600a ER744 mR1234ze mR1336mzz

21%

16% 504 17% -
8%
II 4% 6%~

JpoccennHan chapmenb
YCTaHOBKA

JIeMEHTHI TeILTOBOT0 HACOCA

a) 40%
35% 33% 330 34%
1%
9%
:# 30% ® 28%,,
E 25%
£
= 20%
2
=]
%]
H 15%
(=9
=
g 10%
-9
5%
0%
Komnpeccop KoHaeHcatop /
rasooxInagHTe b
0 .-
6) 60%
. 50% 51%
| 4 50% 47%mm
=
| & .
B 40% %%
=
|
| E 30% 28% 7%
3,
8
PE 20%
-
S
] a 10%
0% =
Kommpeccop Koraercarop/
razo0XNagHIEE
Puc. 13

Dimin =min D,( X?): Ki( Xio)l i=1.n;

- IIpouieHTHOE pacnpenesieHne NoTePb SKCEPTUH IO dIIEMEHTaM

I[ITHY: a) Teopernueckuii UKI; 0) TeHCTBUTEIBLHBIN ITHKIT

0,
D'max _ D
. X D S E—
IJ'KI( ) Dimax _ Dimln
1,

ecmn D.( X )> D™
ecru D™ <D, <D™,

ecru D(X )< D™

Omnpenenenne abCcoMOTHOTO 3HAYCHUS DRer:

max 0 :
D™ =maxD;(X;), i=1.n.

(15)

(16)
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— i min__ D — max i, 18
x.a.a0c D _ D ) ( ) x.a.abc. Dmax _ Dmin ( )

Dx.a.a6c. = Z Dox‘a‘a6ci ' (19)
i=1

MunnmanpHoe 3Hauenue D KpUTCPpUA COOTBCTCTBYCT HAWIydlICMY

x.a.a0c.

XJIaJJaTeHTy CPey OJTHOBPEMEHHO pacMaTpHBaeMbIX pabouux Ten. B manHoii pabote
OBLIIO IPOAHATU3UPOBAHO NEBSITh MOKa3aTeJeu: TEPMOJUHAMHYECKUE
(rertonrponsBoauTeIbHOCTD [IKTY (Qry, KK/KT); NEHCTBUTEIBHBIN SKCEPTeTHICCKHI
KIIZI (Me); AeiicTBUTENbHAs CTENEHb TEPMOJMHAMUYECKOTO COBEPIIEHCTBA (... ):

JNEHCTBUTENBHBI KO3 PUIMeHT TeruoTpanchopmaruu (Ury), skonorudeckue (GWP,
KI'COsp/KT; TEWI, KTCO2ss/KT; LCCP, KrCOp0ys/KT; MHAEKC BOCIUIAMEHSIEMOCTH;) U
AKOHOMUYECKMI, a UIMEHHO, CTOUMOCTh 1 KI XJ1aJlarcHTa.

Kak BunHo u3 pucynka 14, nammeHslee 3HaueHue kputepus D ITOJTy4YEHBI

X.a.a0c.

st ipupojiHoro xiagareHta R600a u cuntetnyeckoro R1234ze. Ilonxoa k BeIOOpY
pabodero Tema I HU3KOTEMIIEPATYPHBIX TMAPOKOMIIPECCHOHHBIX YCTaHOBOK,
OCHOBAHHBI Ha MHOTOKPUTEPHUATLHON ONTHUMU3AIUN, CHUKAET BEPOATHOCTh OIIUOKHU
IpU BBIOOpE XJIaJareHTa M SIBJISETCA

=

§ 7.00 - 6,42 yIOOHBIM METOIUYECKUM
E 600 UHCTPYMEHTOM,  KOTOPBIA  MOXET
2¢ 500 | OBITH MCITOJIH30BaH JIJISl UCCIICIOBAHHS
23 a00 344 JIOOBIX HU3KOTEMIIEPATYPHBIX
EQ 100 vd 257 HapOKOMIIPECCUOHHBIX CHUCTEM,
S 2’00 vd HE3aBUCUMO OT poja pabodeil cmecu

@ 1 112 v
s g == U CXEMHO-IIUKJIOBBIX perieHuit J{is
1,001 ’ cpenneremmeparypasix [ITHY R600a
0,00 | | | u R1234ze ABJIAIOTCS  JIyYIIUM

R744 R 600a R1234ze R1336mzz
BBIOOPOM, OTBEYAIOIINM BCEM
XJIaIaTeHT
YCIIOBHSI  DKCIUTyaTalldd, BKJIIOYAs
Puc. 14 — 3nauenust 060011€HHOTO TePMOLMHAMUUYECKHE CBOWCTBA,
KpUTEPUS Dyaase. AT PACCMATPHBACMBIX  5KonOrMYeckHe M HKOHOMHYECKHE
XJIaJIaTCHTOB ACIIEKTEL

B IECTOM pasnene

«O00CHOBaHHE BO3MOKHOCTH H 1eJ1eCO00Pa3HOCTH HCHOJb30BAHHUSA TeIJIOTHI
000pOTHOI BOABI AJsl 3JIEKTPOreHepalMu» IpHUBEACHA OlLEHKa 3(pPexTUBHOCTU
WCITOJIb30BAaHUSI BTOPUYHOM TEIUIOTHI HA MPEINPHUATUAX MUIIEBON MPOMBIILIEHHOCTH
opu ee yTWIU3aluh U TpaHchOopMaluMuh B  AJIEKTPOIHEPIHIO  MOCPEACTBOM
NapoTypOMHHON YCTaHOBKHM 3aMKHYTOTO LIMKJIAa HAa HHU3KOKMIIAIIEM pabodyeMm Tele,
paboTaroniei mo opraHu4ecKkomMy LUKy PeHKuHa.

Jiis paboThl J1F000M TEMIOBOW MalIMHBI HY)KEH HCTOYHUK TEIJIOTHI C BBICOKUM
TEMIIEpAaTypHbIM YpPOBHEM — HarpeBaTellb M HWCTOYHUKOM TEIJIOTHl C HU3KUM
TEMIIEpaTypHbIM YPOBHEM — XOJIOAWIbHUK. HarpeBaTenem B HameM citydae SIBISIETCS
BOJa CHUCTeMBl O0OpOTHOTO BoJocHaOxkeHus ¢ Temmeparypoir 303...318 K;
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XOJIOAWIBHUKOM — Tmopoabsl Ha riayomHe ot 30 mo 100 meTrpoB co cpeaHei
temneparypoil wioc 285 K. [lng nanpHeiimero ananu3a ObLUTH MPHUHATHI CIETYIOIINE
napameTpbl:  Temmeparypa  HarpeBarens Iy =313 K; Ttemmeparypa  Bojwl,
BO3BpalaeMoii B TeXHOJIOTMYecKyro  1enmouky, Ip>=300K; Ttemmeparypa
xononunbHuka Ty = 285 K; TemnoBoil MOTOK OT HU3KOMOTEHIMAJILHOTO HCTOYHHKA

Oumy= 1 MBT; KIIJ[ snekrporeneparopa 7,=0,95. Cxema 3HEproreHepHUpyrOLIETo
KOMILJIEKCa I TpaHchopmarmu
I HU3KOMOTEHIUAIBHON  TEIJIOTHl B
R \ K AJICKTPOIHEPTHIO TPEJCTaBlIicHa Ha
B 7 pucynke 15.  BBugy  oudeBugHO
d B K bods MaJIoro Terionepenaaa s pacuéra
oz = 0K wradezenm OPUHATHI NApOTYpOMHHAS YCTaHOBKA
o C naporieperpeBareieM, C
| N d ;Z*ﬁ;éi{y(m OJHOBEHEYHOH, C OIHOMH CTyHCHBIS)
Y L zr | CKOpPOCTH, KOHJICHCAITMOHHOU
wa Buixade u3 1K r 0CeBOM TypOMHOU, paboTaroield Ha
, neperperom nape. Cieayer OTMETUTD,
. ;;; = 1A " [ YTO BOMNPOC BHIOOPA HU3KOKHITSIIIETO
HEUTPONEH020 CA07 paboyero Tema (HPT) sBisiercs
KJTIFOUEBbIM KaK JIJIsl  XOJIOAMJIbHOM

Puc. 15 — Cxema sHEeproreHepupyromero TEXHUKH, TAK U JIJIs1 SHEPTETUKH.
KOMILJIEKCA C T€OTePMAIbHBIMU 30HIaMHU Mertomuka noznoopa

XJIaJIareHTa, MpeI0’KEHHAs B ISATOM pa3Jielie, TaK K€ MOXKET ObITh mpuMeHeHa u Jyist OLIP.

Ha ocHOBaHMHM TEpMOJMHAMHUYECKOIO IMKJIA M  TEIUJIOBOIO  pacyera
napoTypOMHHON YCTAaHOBKHM ycCTaHOBJeHO, uTo monHbd KIIJI snextporeneparu
JAHHOTO KOMIUIEKCAa MPU 3aJaHHbIX MapaMmeTpax coctaBisger 3...4 %. HecMmorps Ha
JIOBOJIbHO HU3KUU TOKa3aTellb, MOJTYUYEHHAs 3JIEKTPOIHEPTUs SBISETCA SKOJIOTUYECKH
YUCTOU.

B cenpmoM paznene «TeXHHKO-IKOHOMHYECKAsi OLEHKA IpPedIOKeHHBIX
pelleHUil M0 HCNOJb30BAHUIO TEIJIOTHI O0OPOTHOW BOAbI HA MPEANPHUATHIX
IMHILEBBIX MPOU3BOJACTB» C YYETOM HHTEPECOB SKOHOMHUYECKOH M 3KOJOTHYECKOMU
NOJIMTUKU TOTpeOuTeNed OOOpPOTHOW BOJABI  pa3padoTaH psii  KPUTEPUEB U
MHTErpalibHbIX MOKa3aTesneil s aHanu3a 3()()EKTUBHOCTU HCIONIb30BAHUSA TEIUIOTHI
OXJIQXK/IAI0IIEe BOJbI B OOOPOTHBIX LMKJIAX BoAocHAaOxeHus. [lepeueHs kpurepues u
dbopMyIIbl IS X pacueTa NpUBEACHBI B TaOuIe 4.

Tabnuna 4 — Kpurepun 115 aHaimm3a TEXHUKO-3KOHOMHUYECKON 3(PEeKTUBHOCTH
WCIIOJIb30BaHUS TEIUIOTHI OXJIaXKIAIOMICH BOJIBI B IIUKJIaX 0OOPOTHOTO BOJIOCHAOKCHHMS

Hasanue xpurepus Dopmyna Bennuunel, BXoasmue B Hasnauenue
bopmyny KpUTEpUs
CreneHp UCMOIb30BAHUS _ Qs (20) Q - terutoBas | IlokassiBaeT oo
TEIUIOTHI B CUCTEME Moy = Q ' MOIIHOCTb, KOTOPYIO | MOJIE3HO
000pOTHOTO HEOOXOJIMMO  OTOHMpATh | HCIOIH30BAHHON
BOJIOCHAOXEHUS 0T 000pOTHOH BOABL, BT; | TemnoTsl ot
Quox — OJIE3HO TEIUIOTHI, KOTOPYIO.
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[Iponomxenue Tadm. 4

UCTIONIb3yeMasi TEIUIOBast
MOIIIHOCTh, OTOHMpacMas

HE00X0IMMO
OTBECTH oT

OT OOOPOTHOW  BOJBI | OXJIAXKIACMOM BOJIBI.
TIocne  pEeKOHCTPYKIMHU | TeopeTH4ecKHi 1,
CHCTEMBI  OOOPOTHOTO
MeEHSIeTCS B
BOJIoCcHAOKeHusI, BT.
npezaenax ot 0 mo 1
[IpenenbHOE 3HAUCHUE Qo, Qrs, Qs — pacuetnsie | Iloka3siBaeT
CTEINCHHU HCIIOJIb30BaHHUS TEIJIOBBIC ~ MOIIHOCTH | MAaKCHMAJIbHO
TEIUIOTHI B CUCTEME OTOIICHUSI,  TOPSYETrO | BO3MOXHOE (Teope-
000pOoTHOTO BOJIOCHA0KEHHUS W | THYECKOE) 3HaYCHHE
BOJIOCHA0KCHUSL: BEHTWJISLIHN BCEX | CTCTICHH HCIIOIb30-

00BEKTOB TIPEATIPUATHS,

a) B CiIyd4ae MmpsiMOro
UCTIOJIb30BaHHUS TETIIOTHI
BOJIbI

i)

npen Qo + Qna + QB
Q

. (20)

BaHHA TCIIJIOTHI.

0) B ciyuae mer _ (Qo +Q +Q)(WMy -D| pw — k03 duument
UCTIOJIb30BaHHUS % Q TETIOTPaHCHOPMALTUH
TEXHOJIOTHH Ha 0aze (22) ucnoias3zyemoii I[ITHY.
TEIIOBOTO HAacoca
HepeannzoBanublii n:geﬂ —My ITokasbiBaeT
MOTCHITAA 15 = ————-100. (23) pazHHUILY MEXTY
SHEprocOepekeHUs >0 TEOPETUYECKOH U
pEaIbHOM CTENEHBIO
UCTIOJIb30BaHHUS
TEIIOTHI B CHUCTEME
000pOTHOTO
BOJIOCHAOKCHHSI.
OnepreTnyeckas Q.o N - MOIIHOCTE | OueHuBaer
a¢dexTuBHOCTE criocoba K, = N (24) WCTOYHUKOB  DHEPTHUU | DHEPTETUYECKYIO
YTHIA3AIIH TETUTOTHI (pex e Bcero | aheKTUBHOCTH
3JIEKTPOIHEPTHH), criocoba
3aJIcHICTBOBAHHBIX IS | YTHIM3AIUU
OpraHuszaluy 0TOO0pa OT | TEIUIOTHI
000pOTHOM BOJIBI
TEMJIOBOM  MOIHOCTH
Qron W €€ TIOJIE3HOTO
UCIIOJIb30BaHHSI.
HomnonHutenbHbIe J3=A3, -A3,,. (25) | A3,,~  ymenbmenune | A1 onenku
OKCIUTyaTaIlMOHHBIC SKCILTYaTAITHOHHBIX JIOTIOJTHUTENTLHBIX
3aTpaThl IPU OPraHU3AINH 3ATPAT HA BOJOOXIANIA- IKCILTyaTaIllMOHHBIX
TIOJIE3HOTO HCTIONb30BAHNE foleM yeTpoictse, | 3¥TPAT IpH
TEIIOTHI 00OPOTHOM BOIBI CBSBAHHOC o | opranmzamum
YMEHBIIICHHEM TOJIC3HOTO
IPOXOIAIETO uepea nenonboBaMe
HEro oGHeMa BOEL TEIUIOTHI 00OPOTHOM
A3 —  3KCIuTyaTa- BOJABL
ucn
[IUOHHBIE 3aTpaThl,
CBSI3aHHBIE C OOCITYXH-
BaHUEM YCTPOMCTB,
MOJIE3HO UCTIOJIB3YFOIIUX
TEIIOTY 000pOTHOM

BOJIBI
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[Iponomxenue Tadm. 4

AOcoroTHas CTOUMOCTh Qup — TerutoTa cropanus | Omnpejenser
COKOHOMJICHHBIX HpUpOIHOTo rasa, KKV, | aGComoTHYI0
SHEPrOHOCUTEJICH n — KIIJ ycTpoiictsa, CTOUMOCTD
a) B cimydae Q.. 1 HCHONb3YIOIIEro COKOHOMIIEHHBIX
HCIIOJIb30BaHMS CTr = T Hr 'np MPUPOAHBIN raz; SHEProHOCUTENEH
MPUPOIHOTO Ta3a B QHp n 1000 L — crouMocTh IpUPO/I-
6a3o0BoM Habope (26) | moro rasa, py6./1000 m>;
obopynoBaHus, I, — cronMocTs
3aJ1eliCTBOBAHHOM JIJISI ANIEKTPOIHEPTUH,
peleHus 3aga4y py0./kBT-4; np —
TeTUIOCHA0KEHUS TIPOAODKUTETHHOCTD
pabOThI CHCTEMBI, C/TOJI,
0) B ciryyae Cr _%'H . @7)
HCIIOIb30BaHHU > 3600 ° P )
AIIEKTPOIHEPTUHI
OTHOCHTENbHAS CTOUMOCTh Omnpenensier
COKOHOMIIEHHBIX OTHOCHUTEIHHYIO
SHEPTOHOCHTENEH, CTOUMOCTH
py6./(ron-MBT): COKOHOMJICHHBIX
a) IS IPUPOJAHOIO ra3a Crom = Cr, (28) SHEProOHOCHUTENIEH
Q
0) JUIs JJIEKTPOIHEPTUU Crom = Cr, (29)
Q

['onoBoi SKOHOMUYECKU Ok=Cr, -/13. (30) Ompenenser
3¢ heKT 0T PeKOHCTPYKIIUU TOJIOBOM

SKOHOMUYECKUHI

ahhexT
Cpok OKynaemocTH: _Wms _ Vs (31) WHB — 00bem Onpenenser cpok

“ 2k Cr,-J3 WHBECTHIIHH, PYO. OKYITaeMOCTH

Ha mnpumepe tunosoro IIIIII BeimonHEHa OLEHKA TEXHUKO-3KOHOMUYECKOU
3 PEKTUBHOCTH WHBECTUIMOHHBIX MPOEKTOB IO BHEAPEHHUIO TEIUIOYTUIN3aLMOHHBIX
ycraHoBok (Ha 6aze IITHY, cuctemsl «Teriblii Mo, BAKYYMHBIX paulaToOpOB, BOJSHBIX
Kanopu(epoB) MpU yCIOBUU MOJHOW KOMIIEHCAIUK PACYE€THOIO MOTPEOICHUS TETIOBOM
SHEpruM mnpemjgaraeMbiMu BapuanTtamu OIIC mo nmpoW3BOACTBEHHBIM II€XaM IO TaKUM
MYHKTaM, KaK: TOTpeOJIEHUE TEIJIOBOM SHEPrHH Ha OTOIUICHHE; MOTPEOJIEHUE TEII0BOM
SHEPTUM Ha ropsiuee BOJI0OCHAOKEHKE; OTPeOIeHUE TETJIOBOM SHEPTUH HA BEHTUJIALIMIO.

AHaJIN3 KaKJI0r0 MHBECTULIMOHHOTO MPOEKTa MPOU3BOIAUIICSA C UCIIOIb30BAHUEM
TaKUX TIOKa3aTesjed, Kak: YWUCThIM JMCKOHTHUpoBaHHBIM moxon (YAA) wnm
uHTerpaidbHblil A dekt; uuaekc aoxoaHoctu (M]1); BHyTpeHHssT HOpMa JOXOIHOCTH
(BHM); cpok okymaemMocTH 7.

PacueTsl mapaMeTpoB SKOHOMHUYECKOM 3(PGEKTUBHOCTH HMHBECTHUIIMOHHBIX
IIPOEKTOB 1O  BHEAPECHHUIO  PA3JIMYHBIX  TEIUIOYTWIM3ALMOHHBIX  YCTAaHOBOK,
UCIIOJIB3YIOMINX TerioTy o0opoTHoit Boab! [IIII1, mpuBenens! B TabmuIe S.



Tabnuna 5 — JlanHbele pacuera SKOHOMUYECKON 3(PPEKTUBHOCTH MHBECTUIIMOHHBIX MPOEKTOB MO BHEAPEHUIO PAIUYHBIX

TEIJIOYTUIN3aIMOHHBIX YCTAHOBOK, HCIIOJB3YIOIUX TEMIOTY 000poTHOM BoakI TTT1I1

IITHY,

[ITHY,
WCTIOJIb30BaHH paboTarorias . BaKyyMHBIE IITHY, N
paboTaroras (haHKOMITBI «TeTUTBIT
€ TEIUIOTEHI Ha pazuaTopsl paboraromas Ha
. Ha Ui IOJD TSt
000pOTHOH XJ1alareHTax TUIst XJlalareHTax
XJIaJareHrTax TerIocHa0- TerIocHa0
TMapaner En. BOJIBI 1151 YETBEPTOrO 4ETBEDTONO — TEIIOCHA0XK YETBEPTOTO KO
P p H3M kouTypa 'BC [IOKOJICHHUS, P . CHHUS MIOKOJIEHUS IS © .
MOKOJICHUS, MOMEIICHUH . MOMEIICHUH
(Bce nexa u JUTS KOHTYypa MOMEIICHUH TeIIocHabxe-
IUI KOHTypa aJIMUH. . aJIMUH.
aJgMUH. I'BC aJMUH. HUS IOMEIICHUM
I'BC (anmuH. KOopIyca KopIryca
KOPITYC) (Bce mexa u Kopryc) KopIryca aJIMHH.KOpITyCca
aJIMUHKOPITYC) pry
Temms! uHIATIAN % 15,9 15,9 15,9 15,9 15,9 15,9 15,9
HomunanpHas craBka o 30 30 30 30 30 30 30
UCKOHTA £y 0
CpoK 3KCIITyaTaum TOJ 25 25 25 20 20 25 25
Peaybuas craka rox? 0,12 0,12 0,12 0,12 0,12 0,12 0,12
JMCKOHTHpOBaHUs, £
Koadpumment
JTUCKOHTHPOBaHU (32 roma? 6,95 6,95 6,95 6,58 6,58 6,95 6,95
NEPUOJ IKCIUTyaTaIIH)

KanuransHsie 3atpatsi K Y6 520 000,00 700 000,00 250 000,00 1240051,85 | 1402131,85 1 515 000,00 1 839 348,00
3K0H0MH%_CKHH py6 228 751,56 206 959,78 47 460,05 526 528,85 582 461,40 316 679,52 586 550,45
addexr (Ro-30)

Hucreri AUCKOHTH- py6 1069 089,99 738 370,50 79 847,32 2224 507,95 | 2430464,19 685 922,70 2 235 297,17
poBaHHbIN noxox Y/

Hunexc qoxoauoctu N/ - 2,06 1,05 0,32 1,79 1,73 0,45 1,22
JIMCKOHTHPOBAaHHBIN ron 25 4,0 7.4 2,6 2,6 6,4 36
CPOK OKynaeMocTh Tox ’ '
Hpocroii cpok ro 23 34 5,3 2,4 2,4 48 3.1

OKyHaeMOCTH 7ok mp

1€
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Haubosniee  WHBECTUIIMOHHO  MPUBIIEKATENIIBHBIM  SIBJIIETCS ~ CHUCTEMBI
TerIocHaOKeHus Ha 0a3ze (GaHKOWIIOB M BAaKyYyMHBIX pPaauaTOPOB, OJHAKO CHCTEMBI Ha
0aze THY, umeromue OoNbIINiA CPOK OKYNAEMOCTH, HauOOJee OTBEYAIOT KOHIEMIIUU
HU3KOYTJIEPOAHOUN «3€JI€HON YSHEPTreTUKIY.

YuuTeiBass TO, 4YTO WHHOBAallMOHHBIE HOBOBBEICHHS, C OJIHOW CTOPOHBI,
OTIPEEIISIIOTCS PSAOM SKOHOMHUYECKHX, TEXHOJIOTUYECKHUX U MMPUPOTHBIX (DAKTOPOB, a, C
JPYrod CTOPOHBI, JTOJKHBI MOJHOCTHIO COOTBETCTBOBAaTH HOPMATHUBHBIM JOKYMEHTaM
10 COXPAHEHHIO Ka4eCTBA OKPYKAIOIIEH CPE/IbI.

Taxxxe Obula ompejeneHa >KOHOMHYecKass dS(PQPEKTUBHOCT M CTEINEHb
HKOJIOTHYECKOTO BO3JICHCTBHS HA OKPYXKAIOLIYI0 CPEAYy MPEII0KEHHOTO B IIECTOM
paszene »HeproreHepupyromero komiuiekca (2K), HCHonb3ylomero B KayecTBE
MEPBUYHOIO0 MCTOYHUKA TEIUIOTHI BHIOPOCHI HU3KOMOTEHIMAIBHOW TEIJIOTHI B IIUKIIE
obopoTtHoTO BogocHa0xkeHus [1I111.

CyMMapHbIii  3KOHOMUYECKH 3(@(EKT 3TOro HHKJIAa COCTOMT U3 TPEX
KOMITOHEHTOB:

- CTOMMOCTHM DKOJIOTUYECKHM YHCTOM  DJIEKTPOIHEPruH, BbIpaOAaTHIBAEMOI
HEMOCPEJCTBEHHO HA MPENPUITHH 32 CYET COOCTBEHHBIX PECYPCOB;

- BEJIMYUHBI NMPEJOTBPAIEHHOTO IKOJIOTHUECKOT0 yiiep0a B pe3ysibTaTe CHUKEHUS
NOTPEOICHUS AIEKTPOIHEPTUH OT BHEIIHETO MCTOYHHMKA — TETJIOBOM JJIEKTPUUYECKOMN
craniuu (TOC);

- CpEICTB, MOJYy4YaeMbIX B COOTBETCTBUU C MYHKTOM 9, cratbu 11 ®denepanbHOro
3akoHa oT 6 mapta 2022 r. Ne 34-®3 ot peanuzanuu nepeaadyd U30BITOYHBIX €IUHHUIL
BBITIOJIHEHUS KBOTHI 1O BBIOpOCAM TMApHUKOBBIX Ta30B HWHOMY JIMILY, KOTOpbIE
HaIpaBJISIIOTCS HAa BO3MEIIEHUE 3aTpaT Ha MPOU3BOACTBO TOBAPOB, BHINOJIHEHUE PadoT,
OKa3aHWE yCIYyr, TMpPH JAOCTUNKECHHUHU VYTIEPOJHOW HEUTPATBHOCTH PETUOHAIBHOMN
pEryJIMPyeMON OpraHu3alnH.

[TomHOE MCMONB30BaHUM HU3KOMOTEHIIMAIBLHOIO TEIUIOBOro mnotoka B 1 MBT ¢
LEJBI0 AJIEKTPOreHepalui MO3BOJUT CHU3UTH BPEIHBIE BBIOPOCHI B aTMocdepy mo
CPaBHEHHMIO C BHEIIHUM HCTOYHUKOM 3JiekTpocHaOxeHuss — TOC 3a rogoBoil IUKI
paboThl MapHUKOBBIX Ta3oB Ha 295,33 1; NO, na 0,406 T; netydeit 301bl Ha 29 T;
notpednenue O, — Ha 1,77-10° M3 mim 253 T., Ipy 5TOM PKOJIOTHYECKAsk COCTABIIAIONIAs
CYMMapHOTO SKOHOMHUYECKOTO 3P peKTa TOCTUTHET BeTUMUuHBI 156 ThIC.pyO. B TO.

[IpeacraBnenHslii B paboTe OIEHOYHBIM pacdy€T MOKa3bIBAECT, YTO CTOMMOCTH
npeoxkenHoro DK cocraBut 6,313 MiH. poc. py0., CpOK €ro OKynaeMoCTH, TOJIbKO 3a
CU€T COOCTBEHHOM 2JIEKTPOTrE€HEpaIlii COCTABUT 5,0 TOfa, a pu pa3BuThu B PO cucTtembl
TOPTOBJIM YIJIEPOIHBIMU €IMHULIAMHU CPOK OKYIIAEMOCTH CHU3UTCS 110 4,9 roza.

3AK/TIOYEHHUE

Pa3zBuTne  HayyHO-TEXHUYECKMX  OCHOB  TMOBBIINICHUS  3()PEeKTUBHOCTU
MPOMBIILJICHHBIX CHUCTEM OOOPOTHOTO BOJOCHAOXKEHHS TMPEANPUATUN MUIIEBBIX
MIPOU3BOJICTB 3aKIIIOUAETCS B COBEPIICHCTBOBAHUM TEIJIOMAaCCOOOMEHHBIX MPOIIECCOB,
MPOTEKAIONIUX B BOJOOXJIAKIAIONMIUX YCTPONUCTBAX, U OOOCHOBAHWUH PAIMOHATBHBIX
napamMeTpoB TEXHOJIOTHMH YTUIU3AMUN HM30BITOYHOM TETUIOTBI OOOPOTHOM BOJIBI
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(pa3paboTke U OOOCHOBAaHMHM MEpPONPUATUN, HAIMpPaBICHHbIX HAa CHIDKCHHE
HEMPOU3BOAUTEIIBHBIX TOTEPh OSHEPTMM W HaAWOOJee IIOJHOM HCIOJIb30BAaHUU
HU3KOIIOTEHIIMAIBHOM TerioThl 00opoTHO# Bojwl IIIIIT). ITpoBeaenHoe nccnenoBanme
MO3BOJIAET CHIEJIaTh CIEAYIOIINE BbIBOIBI:

1. B pe3ynpTaTe aHaiu3a COBPEMEHHOTO COCTOSIHHUS M TEPCHEKTUB pPAa3BUTHUSA
cucteM oboporHoro  BomocHaOxkeHusi IIIIII  oOocHOBaHa  MEpPCIEKTUBHOCTH
UCII0JIb30BaHUsI 00OPOTHOM BOJIbI B KAUECTBE BTOPUYHOTO IHEPIETHUUECKOTO pecypca u
HE0OXOAMMOCTb MPUMEHEHHUS €€ B KAUeCTBE HU3KOMOTEHI[MATLHOTO UICTOYHHUKA.

2. l[Ipenyoxen HaydYHO-O0OOCHOBAHHBIN MOAXOJ K OIICHKE TETIOMACCONEPEHOCca B
ammaparax C [OJBW)KHOW HAacaJKoi; Ha OCHOBE MOJICTUPOBAHUS TOJYUYEHbI
3aBUCUMOCTH, TIO3BOJISIIONIME TPU OTPAHUUEHHON HSMIUPUYECKON HWHOOpPMAIUU O
COCTOSIHUM TICEBIAOOKUKEHHOTO CJIOSI TPOTHO3MPOBATH 3HAUYEHUE CTPYKTYPHBIX
XapaKTepUCTUK — KOJUYECTBO YJIEPKUBAEMOM >KUJIKOCTH, BEIIMYUHY MOBEPXHOCTH
KOHTaKTa (a3, KamelbHbI BBIHOC TPHU HM3MCHCHHH KOHCTPYKTHBHBIX (Poy, Oy) |
PSKUMHBIX (M, Ox) MTAPAMETPOB.

3. Pa3BuTHl TeopeTHUeCKHWE TPEACTABICHUS 00 anmaparax ¢ IOJABHKHOM
HACBIITHOM HACaJKOW B KAa4yeCTBE INEPCIEKTUBHOro pemeHns TMA s oXJaxiaeHus
obopotHoil  Boabel IIIIII, oOecneunBaroniee BO3MOXKHOCTh JKCIUTyaTallUd B
HKCTPEMAJIBbHBIX YCIOBHUSAX (3arps3HEHHBIC CpENbl, PE3KUe KoJieOaHusi Harpys3ok).
OKCNEpUMEHTAIBHO BBISIBJICHBI JIYUIIIHE ISl PeaU3allid MacCOOOMEHHBIX MPOIECCOB
JMana30HbI ITIOTHOCTH HACAAOYHOTO CIOS Poull (poy = 200...700 kr/M®), oTnuuaromumiics
HIUPOKUM pabOUYUM YYACTKOM IO My, MPUEMIIEMBIMHU 3HAYEHUSIMU OTHECEHUS KUIKOCTH
U CpPaBHUTEIBHO HEOOJBIION JIMHAMUYECKOW BBICOTOM CJOSI, W BIUAIONIUME HaA
noBeilIeHue 3¢ pexTuBHOCTH padoTel TMA.

4. Tlonyuun panbHeHIee pa3BUTHE METOJ] HEUETKUX MHOXECTB, OCHOBAaHHBIN Ha
MHOTOKPUTEPUATBHOM TIOJIXO0/€ K ONTUMAJIHOMY BBIOOPY XJIaJIar€HTOB, KOTOPBIN
MPEIIOKEHO UCIIOJIb30BaTh TUISt OUCKa KOMITIpOMHCCa MEXITY
9HEProdHEeKTUBHOCTHIO, OKOJOTUYECKUMH OTPAHMYCHUSIMH UM IKOHOMHYECKUMU
MOKa3zaTeNiIMH  TIPU  pa3pab0TKe KOHIIENTYaJbHBIX TEXHOJOTUN MpeoOpa3oBaHUs
HU3KOIMOTEHIHAIIBHOU TETUIOTHI.

5. BniepBeie  TeopeTmueckd  OOOCHOBaHA  NPUHIMIHAIBHAS ~ BO3MOXKHOCTh
UCITIOJIb30BaHUSI MPUPOAHBIX XsamareHToB R-744 u R600a u xjagareHta 4eTBEpTOTO
nokoJnieHus: R1234ze B xadectBe pabounx Ten ans cpeaneremmeparypubix [ITHY tuna
«BOJIa-BOJIA» JIJIsl TOPSYETO BOAOCHAOKEHUS TPOU3BOICTBEHHBIX, aIMUHUCTPATUBHBIX U
JKUJIBIX TIOMEIICHUIA.

6. BnepBeie TpemiiokeHa CcXemMa OJHEPrOreHEPHPYIOMIETO KOMIUIEKCa IS
TpaHcopMaIu TEXHOJOTUYECKON HU3KOMOTECHIIMAIBHON TEIUIOTHI BOJBI B IIUKIIC
00OpOTHOTO BOJIOCHAOKEHMSI TMPEANPUATHS B  DJIEKTpodHEpruto. TeopeTudecku
OMpeieSIeHbl TEXHUYECKUE XAPAKTEPUCTUKU MPEAJIaraéMoOl YCTaHOBKH, YCTAHOBIICHO,
YTO MPU MOUTHOCTH MOTPEOISIEMOT0 HU3KOMIOTEHITNATBLHOTO TEIIOBOro MoToka B IMBT
KITZI panHoro kommiekca pgoctaTouHo HH30K (3,4 %). OnaHako moy4YeHHas
AJIEKTPOIHEPTHUS SBJISCTCSI DKOJOTUYECKH YHCTOM W HE TpeOyeT HCIOIb30BaHUs
TOIUJIMBA U JPYTUX BUJOB BBICOKONOTEHIHMAIBHBIX YHEPrOpeCcypcoB. [[Jisi MOBBIIEHUS
KIIJI mpeqmaraemoii ycranoBku u npudimkenus ero k KIIJ[ nneansnoro nuxna Kapno,
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HeoOxomuMa  pa3paboTka  JOMOJMHHUTEIBHOTO  OOOpYAOBAaHUS,  IOBBIIIAIOIIETO
TEMIEPaTypy HU3KOKHUILSIIIETO paboyero Tejla Ha BBIXOJIE W3 MapolieperpeBarens 3a
cuér  ucnonp3oBanus  HIIT.  Ilokazano, d4YTO0  MOJHOE  MCIOJIB30BAaHUU
HU3KOIOTEHIIMAJIIBHOTO TEIUIOBOrO0 IMOoTOoKa B 1IMBT ¢ 1enbio 3JeKTporeHepaluu
MO3BOJIUT CHU3UTH BpPEJHBIC BBHIOPOCH B arMocdepy MO CpPaBHEHHUIO C BHEIIHUM
UCTOYHUKOM 3JiekTpocHabxkenust — TOC 3a rogoBoit muki padots [1I" Ha 295,33 1; NO,
na 0,406 T; neryueii 30161 Ha 29 T; motpebnerue O, — Ha 1,77-10° M mim 253 1), npu
ATOM DJKOJOTHYECKas COCTaBJLIIONIAs CYMMapHOro 3KOHOMHUYEcKoro 3ddekra
JIOCTUTHET BeJIMYUHBI 156 ThIC. py0. B TO/I.

7. BnepBbie 111 KOMIUICKCHOW ONEHKH A(()EKTUBHOCTH CUCTEM OOOPOTHOTO
BOJIOCHA0KEHHUS C TOUYKH 3PEHUS MOJIE3HOTO UCTIOIb30BAaHUS TEIJIOTHl 00OPOTHOM BOJIBI
MPEIIOKEHA CUCTEMa MHTETPATbHBIX KPUTEPUEB: CTEIICHb MCIOJIb30BAaHUS TEIUIOTHI B
CUCTEME 000pPOTHOTO BOJIOCHA0XEHUS, HEpeaTM30BaHHBIN MOTCHITHAIT
sHeprocOepexeHus, Kod(phUIMEHT dSHepreTuyecko 3Ad@ekTUBHOCTH  crocoba
YTHJIM3AIIUN TETUIOTHI, OTHOCHTENIbHASI CTOMMOCTDh COKOHOMJICHHBIX YHEPTOHOCHUTEIICH;
rOJIOBOM SKOHOMUYECKOH 3(P(HEKT OT PEeKOHCTPYKIMU, OOECIEUMBAIONIICH IOJIE3HOE
UCIIOJB30BaHUE TEIUIOTHI OOOPOTHOM BOJABI, M CPOK OKYIMAE€MOCTH IMPOEKTa MO
PEKOHCTPYKITHH.

8. Ha mpumepe mpennpusThs MNHIIEBBIX IPOU3BOJICTB  TEOPECTHUECKH
000CHOBaHa I1€J1€CO00pPA3HOCTh  HWHBECTUI[MOHHBIX IMPOEKTOB IO  BHEAPEHHUIO
TeIUIOyTIIN3allMOHHBIX ycTaHOBOK (TYYVY) nHa 6aze IITHY, cucteMbl «Termibiii mo»,
BaKyyMHBIX PaJIdaTOPOB, BOJSHBIX KaJOpU(PEPOB MPU YCIOBUU IMOJHONW KOMIICHCAIIUU
pacyeTHOro MOTPEOJICHHsI TEIUIOBOM SHEPruM MpeajiaraeMbiMu BapuaHTamu TYY 1o
OCHOBHBIM II€XaM IO TaKWM IYHKTaM, Kak: MOTpeOJieHWe TEIUIOBOM SHEprud Ha
OTOIUUICHUE; TOTpeOJIeHHEe TEIUIOBOM HHEPTUM HAa Tropsuee BOJOCHAOKEHUE;
noTpeOieHre TeIJIOBOM »SHepruv Ha BeHTWsiuioo. Haunbonee WHBECTUIIMOHHO
MIPUBJIICKATEILHBIM SBIIIOTCS CHCTEMBI TEIUIOCHAOKEHMsI Ha 0a3e (aHKOMIOB U
BaKyyMHBIX paJndaTopoB, ogHako cuctembl Ha 0aze [ITHY, umeronue Gonbmuii cpok
OKyNaeMOCTH, HauOojee OTBEYAIOT KOHICMNIMU HUZKOYTJEPOJAHOU  «3€JICHOU
DHEPIETUKU.

CIIUCOK OITYBJIMKOBAHHBIX PABOT 110 TEME ITMCCEPTALINHU

B peuenzupyemovix uzoanuax uz nepeuns BAK /THP
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UCCIICZIOBAHUS JUISI PELICHHs] HapOAHO-XO3WCTBEHHONW MpoOJIEeMbl IO MOJEPHU3AINU
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aTamne pa3BUTHS dHEpreTuueckoro cekropa Jloneukoit Hapoanoit PecmyOnuku.

[IpennoxeH Hay4HO-METOJOJIOTHYECKUNA MOAXOJ JJI1 PalMOHAJIbHOM YTHUIM3alUuu
000pOTHOM BOJBI C TEMIIEPATYPHBIM ypoBHEM +25...+45 °C.

Pazpaborana mojens mUQPpPOBOro ABOMHUKA BOJSHOIO KOHJEHCATOPa, C MOMOIIBIO
KOTOPOTO MOKHO ONpENENATh peajbHble KOJWYECTBEHHBIE XapaKTePUCTUKH pabOThI
COOTBETCTBYIOILMX aIlapaToB B 3aBUCHUMOCTH OT PACcX0Ja OXJIaXKJAOIIEH BOABI U €€ BXOJHOMN
teMrepatypsl. [lonyunno nanpHelilee pa3BUTHE MOJEIUPOBAHUE IPOIECCOB COBMECTHOIO
TEIIoMaccooOMeHa MpHU HCHAPUTEIBHOM OXJIAXKICHUH OOOpPOTHOM BOJBI B TpaJupHE C
MOJABUKHBIMU HACBIMTHBIMA HACaJKaMH, YTO TO3BOJWJIO YCTAaHOBUTh 3aBUCUMOCTH IIO
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OIIPCACIICHUIO Ba)KHEHMIIINX TUAPOJUHAMUYCCKUX  XAPAKTCPUCTUK, H€O6XOI[I/IMBIX JIIsL
HWHXXCHCPHBIX PACUCTOB HOI[O6HBIX BOOOOXJIAXKIAIOIINX aIlllapaToB.

[Tonyuun nanpHeWmee pazBUTUE HAYYHO-METOJOJIOTMYECKHAN TMOAXOM Uil pacueTa U
MIPOTHO3UPOBAHUS PabOThl MAPOKOMIIPECCUOHHBIX TEINIOHACOCHBIX YCTAHOBOK, pa0OTAaIOIIUX
Ha XJIaJarcHrax 4CTBCPTOI'O ITOKOJCHHUA W HCIIOJB3YIOIIUX O60pOTHYIO BOOYy Hpe,Z[HpI/IHTI/Iﬁ
IMUIICBBIX ITPOU3BOJCTB KaK HI/ISKOHOTGHHI/IaJ'IBHHﬁ peCypcC, Ha OCHOBC COBPCMCHHBIX 3KOJIOI'O-
OHCPICTUUCCKUX MoKa3aTeJieH. BHepBBIe IIpn I1omMomuu MCTOJa HCUYCTKUX MHOXKCCTB,
OCHOBAHHOT'O Ha MHOTOKPUTEPHAILHOM MOAXOJAE K BHIOOPY pelleHusi, pa3padoTaHa METOUKA
palMoOHATBHOTO BBIOOpA paboUMX TN JIJIS IHEPronpeoOpa3yomuX CUCTEM, UCIIOIL3YIOIINX B
KayeCTBE UCTOYHUKA TEIUIOTY 0OOPOTHOM BOJIBI.

Hpe,Z[J'IO)KeHI)I KOHIOCIITYAJIBHBIC IIOJIOKCHUA 110 KOM6HHHp0BaHHOﬁ YTUIIN3allun
O60p0THOI>i BOIbl Ha IMIPCAIIPHUATHUAX IMHUIOCBBIX IIPOU3BOACTB, KOTOPBIC II0O3BOJIAIOT
ICHCPUPOBATL JJICKTPOSHCPIHIO H obecrneunBaTh Harpys3Kmu ropsadcro BO,I[OCHa6)KeHI/I$[, qTo
IMMO3BOJIUT MOACPHU3UPOBATH TCIINIOBOC XO035IMCTBO HpCI[HpI/IHTI/Iﬁ MUIICBBIX TPOU3BOACTB.
Kniouesvie cioea. O60p0THa$I BOJa, HU3KOIIOTCHIIMAJIbHAas TCILJIOTA, XJ1agarcHr,
AHEPronpeodpas3yoIIre CUCTEMbI, MAPOKOMIIPECCHOHHBIN TEIJIOBOM HACOC, TETNIOCHAOXKEHHE.

ANNOTATION

Karnaukh V.V. Development of scientific bases for improving the processes of
cooling recycled water and using its heat at food production companies. — As a
manuscript.

The dissertation for the degree of Doctor of Technical Sciences in the specialty 05.14.04
- Industrial heat power engineering. State Organization of Higher Professional Education
"Donetsk National University of Economics and Trade named after Mikhail Tugan-
Baranovsky" of the Ministry of Education and Science of the Donetsk People's Republic,
Donetsk, 2022.

In the dissertation work, theoretical and experimental studies were carried out in order
to solve the national economic problem of modernization the thermal economy of food
production enterprises through the rational use of the heat of recycled water, which is relevant
at the current phase of development of the energy sector of the Donetsk People's Republic.

The scientific and methodological approaches for the rational utilization of recycled
water with a temperature level of +25...+45 °C are proposed. A model of a digital twin of a
water condenser is developed with the help of which one can determine the real operation
quantitative characteristics of the relevant equipment depending on the cooling water flow rate
and its inlet temperature. The modeling of the heat-mass transfer processes under evaporative
cooling of recycled water in a cooling tower with movable packing elements was further
developed. It allowed to establish dependences for determining the the most important
hydrodynamic characteristics required for engineering calculations of such water-cooling
equipment.

The scientific and methodological approach for calculation and prediction of operation
of vapor-compression heat pumps operating on fourth-generation refrigerants and using
recycled water of food production companies as a low-potential resource, based on modern
ecological and energy indicators, has been further developed.

For the first time, using the method of fuzzy sets based on a multi-criteria solution
approach, a method of rational choice of working fluids for energy-converting systems that use
the heat of recycled water as a source was elaborated.

Conceptual provisions for the combined utilization of recycled water of food production
companies, which generate electricity and provide hot water loads, have been proposed. It will
enable heat economy modernization of food production enterprises.

Key words: recycled water, low-potential heat, refrigerant, energy-converting systems, vapor-
compression heat pump, heat supply.
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